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SECTION I 

INTRODUCTION 

General  

It is  the purpose of this  document to provide a detailed descr ipt ion 

of the Wisconsin Experiment  Package (WGP), one of two ma jo r  experiment 

equipments which will be mounted in 'a Grumman Aircraf t  Engineering 

Company Spacecraft  and launched into a c i r cu la r  orbi t  a s  Orbiting 

Astronomical Observatory A (OAO- A)  . This document i s  a imed p r imar i ly  

at a s t ronomers  and other  scient is ts  who a r e  in te res ted  in  the experimental 

capabili.ties of the equipment, a s  well a s  to  managerial ,  engineering and 

.other personnel  whose activit ies and in t e res t s  bring them in  contact with 

the WEP. 
\ 

. No attempt has  been made here in  to  include data necessa ry  f o r  the 

engineer o r  technician interested i n  checking o r  repair ing tlie WEP. F o r  

that purpose r e f e r  to  the "Assembly and Disassembly P rocedures  for  the 

Wisconsin E q e r i m e n t  Package". 

The Wisconsin Experiment Package descr ibed here in  was conceived 

by the Space Astronomy Laboratory of the University of Wisconsin, and was 

designed, developed and fabricated by the Tech-Center Division of Cook 

. . 
Elec t r i c  Company, Morton Grove, Illinois, in  cooperation with the Space 

Astronomy Laboratory and under contract  No, NAS 5- 1348, SUB. 1 f r o m  

the University of IVisconsin. 



Astronomical Objectives of the  W E P  

The  p r i m a r y  objectives of the W E P  a r e  the determination of 

s t e l l a r  energy distributions in the spec t ra l  region f rom 3 3 0 0 8  to 900%, 

and the measuremen t  of emission line intensit ies of diffuse nebulae i n  the 

s a m e  spec t r a l  band. Essent ial ly  a l l  of the measurementp of this type 
\I 

that have been m a d e  to date have been made via rocket sounding probes.  

These: a t  best ,  offer a very  few measurements  of short  duration, f r o m  

unstable platforms,  and a r e  perhaps of doubtful reliability. It i s  

anticipated that the W E P  will enjoy a substantial  improvement i n  a l l  of 

these  a r e a s .  

The  energy distribution of severa l  thousand s t a r s  representat ive 

t- 
of the various types and of seve ra l  emiss ion  nebulae will be examined. 

k. 

Multiple observat ions will be made on selected ta rge ts  over a period of 

t ime  t o  check observational consistency and the  intr insic  variabili ty of 

the energy distribution. By extending and broadening the base of our  

knowledge of s t e l l a r  and nebular emission charac ter i s t ics  in  the UV, 

valuable additional information of the composition of thes e bodies will be  

obtained. Similar ly,  the composition of the in te rs te l la r  medium may  be 

determined m o r e  fully by extending the opacity measurements  of this 

medium into the UV. 

Spacecraft  Functions 

The Orbiting Astronomical Observator ies  have been conceived a s  

a s e r i e s  of interchangeable experiment packages c a r r i e d  in  a standardized 



Spacecraf t .  Fig. 1-1 shows a phantom view of the Spacecraft  with the 
7 ,  

Wisconsin Experiment  Package installed.  The Spacecraft  provides seve ra l  
k 

major  functions essent ia l  to  the operation of the experiment packages.  ' It provides equipment fo r  communication with ground 1- 
tations,  s o  that experiment commands m a y  b e  sent  to  the 

observa tory  and experiment measurement  and other  data  may  be i 
sent  back to  the ground. 

2. It provides s torage  f o r  commands to  be  per formed a t  

some  t ime a f t e r  receipt  of the command t ransmiss ion ,  and a lso  

I 

for ;s tQrage of experiment mkasurement  and related data  until 
I )  

sueh t ime  a s  i t  can  be  t ransmi t ted  to  a ground station. 
L . - 

i' 3. It provides observatory orientation and pointing needs and 

supplies a iming angle data and cer ta in  other  data  needed by the 

exper imenter  to  co r re l a t e  with the W E P  measurement  and s tatus  

data. 

4. It provides p r i m a r y  experiment power (t28 vdc derived 

f r o m  so la r  ba t te r ies ) .  

5. It provides fo r  the rma l  regulation and control.  
. % 

Genera l  Description of the Wisconsin Experiment  Package - 

.The complete W E P  consis ts  of two distinct and sepa ra t e  components, 

t he  P r i m e  Instrument  Package and the Control Elec t ronics .  See Fig. 1-2. 

The  f o r m e r  i s  a cylinder approximately 40 inches in d iameter  and 56 inches 

high, and i s  mounted in the upper half of the Spacecraft  s t ruc tu ra l  tube. It 



contains' a l l  of the optics,  mechanisms,  photodetectors,  associated . . 
I 
I 

supporting s t r u c t u r e s  and most  of the electronics  needed to make the actual  
I 

photornettric measuremen t s .  These  a r e  packaged into seven photometer 

I 
moduled: four  S te l la r  Photometers  covering various wavelength regions,  

i one Ne u lar  Photometer ,  and two Scanning Spect rometers .  These  modules 

a r e  all mounted on the P r i m a r y  Structure,  which is a 40 inch d iameter ,  
I 

I I-beam-supported, honeycomb panel platform that provides the bas ic  
I 

s t ruc tu ra l  integri ty  of the  P r i m e  Instrument  Package.  This s t ruc tu re  a l so  

. contains interconnecting wiring, high voltage and 15  v dc-dc conver te rs ,  
, - 

energy  s torage  capaci tor  banks,  etc. 
I 

The  Control Electronics  is a rectangular  package of a p p r ~ x i r ~ a t e l y  

7 x 12 x 2 3  inches,  weighing about 40 iBs,, and is located in equipment bay - 
E-5 of the  Spacecraf t .  The  Control Electronics  s to res  and decodes the  

experiment  commands received f r o m  the ground via the Spacecraft  command 

communication link. It then provides activation signals to the electronic ,  

e lectromechanical ,  and optical devices located in  the P r i m e  Instrument  

Package.  

The  ins t rument  data outputs a r e  routed back to the Control 

Elec t ronics  package and formatted fo r  readout to  the Spacecraft  
. . 

Exper imenters  Data Handling Equipment. The programming of this data  

readout and selected Spacecraft  data i s  normally controlled f r o m  within the 

W E P  Control Elec t ronics  Package. The Control Electronics  physically 

, 
consis ts  of 450 digital  logic elements mounted on printed circui t  boards.  



About 200 of these  elements  a r e  identical general  purpose flip-flops 

consuming l e s s  than 4 mill iwatts each. 
, 



FIG.1- l  PHANTOM VIEW O F  OAO S P A C E C R A F T  SHOWING 
WlSCONSlN EXPERIMENT PACKAGE I N S T A L L % :  D 



FIG. 1-2 W I S C O N S I N  EXPERIMENT PACKAGE 
(DUST C O V E R S  REFAOVED) 



SECTION I1 

STELLAR PE-IOTOMETER FUNCTIONAL DESCRTPTION 

GENERAL 

The  functional block d iag ram of a s te l la r  photometer i s  shown in  

Fig.  11-1, a phantom view in  Fig.  11-2 and a photograph in  Fig. 11-3. These  

a r e  applicable to  a l l  four  Stel lar  Photometers .  

The  block d iag ram shows how the data output i s  obtained f r o m  the 

s t a r  source ;  what the controlling var iab les  a r e  in  the optical-electronic 

path t o  data  output; and how the command and timing inputs a r e  used to  

ini t ia te  the  control functions. 

S t a r  light is collected in a Herschelian-type telescope by an  8-inch 
i- 

diameter  off-axis parabolic reflecting m i r r o r  having a 32 inch focal length. 

The  collected light is passed successively through a field stop, an optical 

-.h 
f i l te r ,  and a field o r  Fabry  lens  to  a photomultiplier tube. The pulse 

output of the de tec to r  tube i s  fed to  an  a c  amplif ier  and pulse pre-counter  

chain, and the averaged output i s  fed to an integrating dc amplifier.  The 

pre-counter  output of the pulse counting chain i s  gated to a digital 

measuremen t  counter fo r  selected exposure t imes .  Thus, s t e l l a r  spec t ra l  

intensity data outputs a r e  available both a s  digital measurements  fo r  fixed 

t ime  in terva ls ,  and a s  continuously integrated analog measurcrnents.  

The  controlled. var iables  in the optical-electronic path a r e  field 

s top selection, re-collimation, f i l te r  selection, and exposure t ime  and 





B. OPTICAL 

A bevel around the pe r ime te r  of the off-axis paraboloid m i r r o r  

- L , ,  . 
l imits  the ape r tu re  of the  sys t em to 7 - 3 / 4  inches,  yielding a total  c i1cc.G. t ,  

L..* , , . . .  
co1lect;inQ .a?-& 6 7 i  2:Bqu4re iiichesi(30G cn&).,.-s). This same  d iameter  

-a .4.. - 
is repeated i n  the inside d iameter  , . of a s t ruc tura l  r ing at  the opposite end 

of the tube so  that  a s m a l l  amount of vignetting occurs  for  angles off the  

axis: A t  an angle of five minutes ,  which corresponds to the maximum 

observable field, t he  vignetting amounts to  one per  cent. Because of 

imperfect alignment between the end of the tube and the m i r r o r  one should 

expect +a maximum total  variation in incident flux of two p e r  cent a s  a s t a r  

- 
moves across  the ten  minute field. 

An enlarged view of the  optical path in  the vicinity of the p r i m e  focus 

C 
i is given in Fig. 11-4. Located a t  this  focus is a two position field s top 

providing viewing angles  of two minutes  and t en  minutes of a rc .  The t en  

minute field is provided by a 0. 093 inch d iameter  hole in the  photomultiplier 

housing assembly. In general ,  th i s  field stop will only be employed for  

special  purposes,  such  a s  compensating for  Spacecraft  pointing e r r o r s ,  and 

to  aid in in-flight recollimation, o r  perhaps special  s t e l l a r  o r  nebular 

4 

observations. 

'A solenoid-actuated toggle action leaf is capable of sliding over  the 

t en  minute stop. Centered in this leaf i s  a smal l ,  0. 0 19 inch d iameter  

apezture which defines the two minute field. The normal  mode of operation 

will utilize this s m a l l e r  stop. 

IL- 3 



The field s top assembly  i s  capable of being t ranslated la te ra l ly  in 

j 

the  focal plane. This  effectively changes the looking direction of the 

S te l la r  Photometer relative to  the Spacecraft .  Thus,  post-launch r e -  

collimation can be per formed in  the unlikely event that launching.:forces 

change the optical ax is  of a photometer.  The field s tops may be  driven 

t o  a maximum +lo  minute displacement in one minute increments  along 

direct ions para l le l  to the Yc and Zc Spacecraf t  axes.  

Located about one-half inch behind the field s top i s  a five-position 

f i l t e r  wheel, T h r e e  of the positions a r e  occupied by f i l te rs  which general ly  

a r e  multiple l aye r  in te r ference  f i l t e r s  evaporated on li thium fluoride o r  . 
fused quartz  subs t ra tes .  A fourth position contains an opaque b a r r i e r  

(dark slide) while the fifth contains a calibration source.  

The  opaque b a r r i e r  eliminates a l l  incident radiation and pe rmi t s  

measurement  of the  phototube da rk  cu r ren t  on z e r o  signal condition. The 

calibration source  consis ts  of strontium-90 surrounded by a luci te  r ing 

covered with a quar tz  window which emi ts  Cerenkov radiation. S imi lar  

calibration sources  a r e  used in  all four  photometers.  

The f i l t e r  charac ter i s t ics  fo r  each photometer a r e  tabulated in  

Fig. 11-5. Examination of these  data  revea ls  that,  s tar t ing with S te l la r  

Photometer  No. 1, each unit contains a f i l te r  in  common with the next 

succeeding one. It i s  a l so  seen  that No. 1 responds to  the longest wave- 

length radiation, i n  fact,  extending into the visible violet, and each . . 



succeeding unit, in general ,  covers  successively shor te r  wavelengths. This 

'ariangemer.$permits thk  vkry useful functibn of in -orb i t  re lat ive recal ibrat ion 

of all photometers.  The  signal output of Photometer  No. 1 lising i t s  f i l t e r  

~ o . : ' l  .Ad, ciawing a given s t a r  can be t o r r e l a t e d  with an absolute 

/ measuremen t  of the s a m e  s t a r  made f r o m  the ear th.  Then Photometer  

No. 2 can be  compared  with No. 1 through the i r  common f i l te r ,  and s o  

on f o r  a l l  units. In th is  way, calibration can be  periodically verified 

during the one-year  l i fe t ime cf the satell i te.  Fu r the rmore ,  duplication 

of f i l t e r s  provides redundancy in case  of fai lure  of one of the units. 

Following the  f i l te r  wheel, a field lens (Fabry  lens) i s  located in  

all photometers except No. 4. The design characteris&cs of this  lens  

v a r y  for  each  photometer and a r e  tabulated in Fig. 11-6. ' I t s  function i s  
f+ 

t o  immobil ize the  spot of radiation incident on the photomultiplier 

r ega rd le s s  of the motion of the s t e l l a r  image  in the field stop. In this 

way, over-al l  s y s t e m  response i s  held constant in  spite of point-to-point 

var iat ions in  sensit ivity of the  photocathode surface.  

This  type of lens  js not used i n  Photometer No. 4 because originally - 
.:, . it was planned to  extend the response of that unit to  wavelengths shor t e r  than 

. , .  

the  cutoff of a l l  known refract ive mater ia l s .  Therefore,  i t  may  be expected 

that  the response of Photometer No. 4 will vary somewhat depending upon 

the  position of the s t e l l a r  target  in i ts  field of view. 

II- 5 



C .  ELECTRONICS 

1. ' Field Stop Selection --- 

F o r  the s t e l l a r ~ ,  one of two field s top ape r tu res  m a y  be 

se lec ted  providing viewing angles of 2 and 10 minutes of a r c .  The normal  

A- mode of operation i s  with the sma l l  field stop. 

The field s top mechanism i s  a two position device ( see  

< 

Fig.  11-7)operated by a solenoid. The solenoid in  turn  i s  controlled by 

gating appropr ia te  Command Code l ines  and a Bit T ime  signal. (see Fig.  11-8). 

The  output of the gate. i s  buffered with a n  emi t te r  follower, and subsequeritly 

- 5 

-used t o  t r igger  a monostable multivibrator.  The s t re tched  pulse monostable 

output feeds a dr ive  amplifier which is used to  opera te  the solenoid. The  

- mechan i sm is such that each solenoid actuation changes the field stop 
. . 

ape r tu re .  A two-position commutator  i s  used to  detect whether the s m a l l  

o r  l a r g e  field s top i s  in the optical path and to provide this information a s  

p a r t  of the digital s ta tus  output data,  

2. Re- collimation 

An in-flight r e  - collimation capability i s  available fo r  minor  

real ignment  which m a y  be required a s  a resu l t  of shifting of the Stel lar  

Photometer  pointing axis relat ive to the Spacecraft  pointing axis due to  

launch fo rces ,  etc. Re-collimation i s  accomplished by moving the field stop 

a p e r t u r e  in the focal plane. The ape r tu re  may be moved in 1 a r c  minute 

increments  over  a 4- 10 minute range along e a c h  of two orthogonal axes  in - 
the  focal plane ( s e e  Fig.  I I i 4 ) .  , . 



. 1 
T h e  re-col l imation is controlled by two bi-directional 

/ 

t 
>. , . . 

stepping m o t o r s ,  o i e  fo r  each  axis ,  whose shafts a r e  linked to the field 

s top  a p e r t u r e  positioning a r m .  These  motors  a r e  controlled in  a s imi l a r  
/ 
i manner  to  tha t  of the  a p e r t u r e  mechanism. The AND gate output of the 

T' put Command Code and Bit Time signal i s  again buffered and 

a monostable.  The monostable output feeds a dr ive  amplif ier  triggerS 
which i; used  to  s t ep  one of the motors  in one direction. Thus, each 

t r a n s m i s s i o n  of the  command causes  one added s tep  to  be  taken in a selected 

direct ion.  Sepa ra te  but identical channels a r e  provided fo r  each dr ive 

+ ,' 

di-rection ori each  ax i s  of alignment. Digital s ta tus  datarabtained f r o m  

I 
para l le l  switches provide an iddication when either c o l l i m a t i o  mechanism 

-. has  reached i t s  l imi t  of t r ave l  in  one part icular  direction on i t s  axis .  It 

C 
. should b e  noted that  only one bit of digital output s ta tus  data  i s  a.vailable fo r  

th is  purpose  f o r  each  photometer,  and this bit must  therefore  s e r v e  both r e -  

collimation a x e s  of that  photomete'r. 

3. F i l t e r  Wheel 

The f i l t e r  wheel position control i s  accomplished by means  

of a digi ta l  s e r v o  loop. A logic d iagram fo r  this operation i s  shown in 

Fig.  11-9. Commands a r e  r ead  into a control reg is te r  by AND gating 

appropr i a t e  s e t s  of Bit T i m e  lines with one of the appropriate  input EOC 

Command Code l ines .  The control reg is te r  for  the f i l ter  wheel position 

command is a s e t  of para l le l  in,  paral le l  out, memory  fl ip flops. The 

flip f lops  f i r s t  r e s e t  a t  the  beginning of the entry of a new command by the 
I 



AND gate amplified output f r o m  Bit T i m e  Line 3 and the  proper  EOC l ine,  
1 

and then set  according to the code of that command. Decoding of the 

command input i s  accomplished by AND gating the combinations of the flip 

flop outputs with a feedback line f r o m  a commutator on the f i l te r  wheel - 
. shaft. An output f r o m  any of the AND gates  i s  inverted and prevents  the 

1 ,pps Clock - Signal f r o m  causing the  f i l te r  wheel dr ive  stepping motor  to  

s t ep  t o  a new position. Consequently when a new command is entered  

into the  control r eg i s t e r ,  the f i l ter  wheel will be  stepped unidirectionally 

one f i l ter  position per  s tep a t  a one s t ep  p e r  second r a t e  until the position 
C 

a g r e e s  with the Command Code input. The feedback s igna l  f r o m  the 

commutator  is encoded in b inary  f o r m  and inverted to provide f i l te r  wheel 

ffl- position signals a s  par t  of the  digital  s ta tus  output data. Redundant input 

Command Codes and complementary Bit T i m e  signals a r e  used in  the  f i l te r  

wheel position control to  provide a higher degree  af reliabili ty.  

4. Data IvIeasurements Ci rcui t ry  

The functional block d iag ram of the data  measurement  

c i r cu i t ry  is shown in Fig.  11- 10, This  d i ag ram i s  divided into t h r e e  p a r t s  

f o r  discussion purposes;  (a) photomultiplier assembly ,  (b) pulse 

measurement  c i rcu i t ry ,  and (c) analog measurement  c i rcu i t ry .  

(a) Photomultiplier Assembly 

The photomultiplier assembly  consis ts  of the photo- 

mult ipl ier  tube and a t r ans i s to r i zed  pulse pre-amplif ier .  Two types of 

P M  tubes a r e  used in the s t e l l a r  photometers:  EM1 6256B for  S te l la rs  1 and 2,  



and ASCOP 541F f o r  the s h o r t e r  wavelengths of S te l la rs  3 and 4. F igure  
a .. 

11-13 shows a compar ison  of the pertinent charac ter i s t ics  of the two tubes.  

The  operat ing potentials chosen a r e  -23-00 volts fo r  the ASCOP and - 1200 volts 

I -- 
f o r  t h e  EMI. 

7 i A photoelectron emitted f r o m  the photocathode of the 

PM tube  produces  an amplified output pulse a t  the anode by the electron 

i 
mult ipt icat ion p r o c e s s  of the tube. This  pulse i s  fur ther  amplified by the 

p re -ampl i f i e r  and presented  to  the pulse amplifier and discr iminator .  The 

pulse at t h e  anode i s  a l s o  integrated and presented to the analog amplifier.  
C I 

0 - 
The pulse pre-amplif ier  i s  a potted assembly  of th ree  

I 

t r a n s i s t o r s  and assoc ia ted  components mounted on a printed c i rcu i t  board 

a t tached  to  the  r e a r  of the  P M  tube (socket o r  assembly) ,  One of the t h r e e  

C- 
. t r a n s i s t o r s  is connected as a gain stage, while the other two a r e  connected 

as e m i t t e r  fol lowers  and provide input and output isolation and impedance 

matching. The  pre-amplif ier  i s  a c  coupled to  the anode of the  P M  tube 

and provides  amplified pulses at  a low output impedance which a r e  t ransmi t ted  

over  a coaxial  cable  to  the remotely located pulse amplif iers  and discr iminator  

c i r cu i t s .  The  pr inted circui t  board a l so  contains the a c  -dc isolation circui t  

and ini t ia l  integrat ing components f o r  the dc integrating (analog) amplif ier .  

lb) Pulse  Measurement  Circui t ry 

The pulse measurement  circui t ry contains a high 

s p e e d  pulse  conditioner,  a high speed pre-counter ,  and a low speed 

m e a s u r e m e n t  counter with means of controlling exposure t ime.  The pulse 



conditioner and pre-counter  a r e  assembled  f r o m  t rans is tor ized  welded 

logic elements  and a r e  located on an amplif ier  chass is  on the associated 

Stel lar  Module s t ruc tu ra l  tube. The measurement  counter and exposure 

control c i rcu i t s  a r e  also assembled  f r o m  t rans is tor ized  welded logic ,: 

elements  but a r e  located in the Control Electronics  package mounted in  

Bay E-5 of t h e  Spacecraft .  

The pulse conditioner consis ts  of two pulse ampl i f ie rs ,  

a Schmitt  t r igge r  discr iminator  c ircui t  and a counter dr ive  amplif ier .  The 

pre-counter  cons is t s  of th ree  high speed and th ree  medium speed flip-flops 
t 

and an  emi t te r  follower line dr iver .  

The signal pulses  f r o m  the pulse pre-amplif ier  a r e  

fu r the r  amplified by the pulse amElifiers to a level sufficient to  exceed 
t 

- 
the threshold of the  Schrnitt t r igger  d iscr iminator .  The d iscr iminator  i s  

used to  differentiate between PM tube and circui t  noise and the signal pulses.  

It a l s o  s e r v e s  a s  a dr ive amplifier to  shape and invert  the signal pulses f o r  

the pre-counter .  

The square  wave signal pulses  f r o m  the counter 

dr ive  amplif ier  a r e  counted down i n  a s e r i a l  binary fashion by a factor  of 

. 6 4  in  the  pre-counter .  The pre-counter  is used to inc rease  the s tat is t ical  

accuracy  of the measur..ment, and this function i s  covered m o r e  fully in  

Section V. The output of the last  binary <buntdown stage of the p r e -  

counter is buffered with an  emit ter  follower which dr ives  the coaxial l ine to  

the measuremen t  counter A N D  gate in the Control E l e c t r ~ n i c s .  The  p r e -  



amplifier and pulse measurement  c i rcu i t s  have an  over-a l l  pulse resoluf5.on.: 

sf  about 0. 5 ~nic roseconds .  

The measurement  counter consists of an  eight bit  

s e r i a l  in, parallel. out binary counter,  a diode AND gate to control the entry 

of pulses into the counter,  a n  exposure t i m e  generator ,  and a t ime  delay 

circuit .  The exposure t ime  genera tor  is made  up of various gates  and 

binary countdown circui ts  t o  genera te  the  t ime  control for  gating the 

measurement  signal pulses,  a s  well a s  t o  generate  buffered control s ignals  

f o r  selecting the analog amplif ier  sensit ivity range. Referr ing to  F igs .  11- 1 

and 11-Ill,, . - the control of the genera tor  i s  accomplished by use  of Exposure  

Time Commands and a delayed Star t  Exposure Command, plus Clock Signals 

of 1 pps and 1042 pps. Four  Exposure Time Commands a r e  utilized: 118, 1, 

8, and 64 Spacecraft  seconds. 

The Exposure T i m e  Command ac ts  a s  a l imi t  on the 

exposure tirne countdown of clock pulses following a delayed Star t  Exposure  

Command. The 118 second exposure t ime  i s  determined by a b inary  

countdown of 128 pulses  of the 1042 pps spacecra£t  Clock Signals. The  1, 8, 
.I 

and 64 second exposure t imes  a r e  determined by an  appropriate  binary 

' 

countdown of the 1 pps Spacecraft  Clock Signal. The countdown i s  init iated 

by a Star t  Exposure Command which i s  t i m e  delayed f r o m  the en t ry  of each 

new command to allow for  the maximum required f i l ter  wheel positioning time. 

Using the 118 second exposure,  the pulse measurement  

c i rcu i t ry  can count without dumping (filling the counter tjeyond i t s  s to rage  i 

c: 



capacity) signals having an average r a t e  of 13133 pps at  the P M  anode. 
I 

Average ra tes  up to 1. 0 M pps can be measured ,  using analog-digital 

: corre la t ion  to de termine  the number of dumps. However, the 0. 5 mic ro -  

second.puls e resolution l imit  resu l t s  in a (predictable) non-linearity in  

this  region. u s ing  the 64 second exposure,  pulse ra tes  a s  low a s  2 pps 

can  b e  counted with significance. 

C. Analog Measurement Circui t ry 

The analog measurement  circui t ry i s  composed of a 

dc operational amplif ier  with relay controlled s ensitivity ranges.  The 

amplifTer and latching type relays a r e  mounted on two printed circui t  boards  

located on an amplif ier  chass is  on the Stel lar  Module s t ruc tura l  tube. The 

r operational amplif ier  has  a balanced e lec t rometer  tube pair input s tage  

followed by a t rans is tor ized  amplifier.  The selectable  sensitivity ranges 

are l o e 6 ,  and amperes  full s ca l e  and direct ly  cor respond 

to  1/8, 1, 8, and 64 second exposure t imes  used in  the pulse measurement  

circhi t ry.  Upon receipt of one of the four Exposure Time Commands the 

II' exposure t ime genera tor  sends a signal to the  analog amplifier gain control  

r e l ay  dr ive  to se t  up the appropriate  sensitivity. As this amplif ier  i s  

utilized fo r  integrating, specific t ime constants a r e  provided for  the var ious 

xtmges. In each c a s e  these a r e  1 / 4  of the associated exposure t ime:  1 / 3 2 ,  

114, 2, and 16 second's. 

Input pulses f r o m  the photomultiplier assembly  will 

cause  an averaged dc input current  to flow into the grid of one e l ec t romete r  



tube, in  t u r n  causing the plates of the tw.0 tubes to  unbalance. This 
i 

unbalance is  amplified by the t r ans i s to r  amplifier causing i ts  output voltage 

to  r i s e ,  which in turn ,  feeds a cu r ren t  back through the selected feedback 

re s i s to r .  The output voltage will i nc rease  until the cur rent  through the 

feedback r e s i s t o r  equalizes the average  input cur rent  at  the grid,  a t  which 

t i m e  the  output voltage will remain  constant. The r a t e  of change of the 

output voltage is dependent upon the RC t ime constant ac ross  the  ampkifier. 

The analog measurement  voltage i s  d i rec ted  to  the 

Spacecraf t  analog -to -digital converter ,  where,  upon command, i t  is 
. C 

converted to an 8-bit  digital signal f o r  s torage and t ransmission.  The 

i' 
full s c a l e  output voltage range usable by the Spacecraft i s  f r o m  0 t o  t 5.06 

e - volts. The l inear  range of the amplif ier  itself i s  l a r g e r  than this,  but is 
'il 

clamped between about t 9 .  0 and -0. 2 volts to protect the Spacecraft  A-D-C. 

The output voltage, with ze ro  input cur rent ,  i s  offset by approximately 

$0. 150 vo1t:ao that smal l  signals would not be lost i f  the amplifier zero  

were  t o  drift  negatively during the long orbital  l ife of the equipment. 



n 
AX. SUMMARY OF ALL OUTPUT DATA A V A I L A B L E  FROM THE 

STELLARPHOTOMETERS 

By way of a s u m m a r y ,  and for  ease  of understanding, a l l  output data 

i 
which is obtained f r o m  each Stel lar  Photometer  is reviewed below. All 

I 
I 

WEP d i  i t a l  output da ta  is formatted into four 25-bit words a s  shown in . 7  
i Fig. V1, -3 .  A l l  S te l l a r  No. 1 digital data,  with the exception of collimation 

1 
l imit  st$tus, is contained i n  digital output word No. 1 (aldng with data  f r o m  

1 
o the r  iources) .  S imi lar ly ,  the digital data f r o m  Ste l la rs  Nos, 2 ,  3, and 

4 a r e  contained i n  digital  output words Nos. 2, 3,  and 4, respectively.  

S t e l l a r  data m a y  b e  conveniently divided into two c l a s ses :  photometric 

measuremen t  da ta ,  and s ta tus  data. 

1. Photometr ic  Measurement  Data 

fa) Digital Photometr ic  Measurement  Data 

Th i s  consis ts  of a n  eight-bit measurement  (full 

scale:  z8 = 256 uni ts) ,  occupying bit positions 4 through 1.1 in the  appropriate  

digital  output word, and with bit position 4 containing the leas t  significant bit. 

?- a)) Analog Phwometr ic  Data 

The analog photometric measuremen t  has  an output 

voltage range  of f r o m  0 t o  + 5.06 volts, and this i s  ult imately digitized in 

the Spacecraf t  f o r  subsequent te lemetry  into 28 ( = 25b).&riits, for  a . 0188 

volt unit of resolution. The  table below shows, for  each of the four analog 

sensi t ivi ty  r anges ,  the  averaged dc P M  anode cu r ren t  required for  full 

s ca l e  and f o r  one unit of resoluti'bn. The sensit ivity ranges a r e  expressed  
J 

in terms of the c s r  responding digital exposure. 



Full  Scale Unit of Resolution 
Sensitivity Range Amps Amps 

118 second exposure 1 0 - 
1 second exposure 
8 second exposure l o - 8  

64 second exposure 1 0 - 9 

2. Status Data 

4 2 )  Fi l t e r  Wheel Posit ion Status 

This  information i s  presented, in  binary coded fo rm,  

in bi t  positions 12, 13, and 14 of the corresponding digital output word 

(i. e. , word 1 fo r  Stel lar  1, etc. ). 

+ 
F i l t e r  Wheel 

Posit ion 
Word Bit Posit ions 
12 13 14 

(a) Exposure T ime  Status 

This information i s  presented in bit positions 15 and 

16 of. t he  corresponding digital output word. 

Exposure  T ime  

1 / 8  second 
1 second 
8 seconds 

64  seconds 

Word Bit Posit ions 
15 16 



(c) Aperture (Field Stop) Posit ion Status 

This information i s  presented in bit position 17 of 

the corresponding digital output word, 

Aper ture  Position Word Bit Posit ion 
17 : (Fikld Size) ; 

2 a r c  minutes 1 

. . .  
10 a r c  minutes 

(4 Collimation Limit  Status 

F o r  a l l  four  s t e l l a r  photometers,  this  data i s  

presented in digital output word 4,,bit positions 18 through 21 as follows: 

S te l la r  No. 1 2 3 4 

Bit Posit ion 18 19 20 2 1 

Limi t  Location -Yc, +Zc +Yc, +Z  c +Yc, -Zc  -Yc, - Z c  

Not a t  Limit 1 1 1 1 
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SOURCE 

EOC 1 COMMAND 
CODE 

'i" 1 

EXPOSURE 
TIME 

COMMAND 

PHOTOTUBE 

I DETECTOR 
I 

COUNTER 

DIGITAL 
STATUS 

DATA OUT 

1 PP8 
1042 cps 

p c ~  Avcn DIGITAL 

UHlM UUT 
MEASUREMENT 

START EXPUSUME DATA OUT 

F 1 G . E - I  FUNCTIONAL BLOCK DIAGRAM O F  STELLAR PHOTOMETER 



4- POINT ADJUSTABLE MOUNT 7 

PHOTOMETER TUBE AND MECHANISM \ 

8 INCH PRIMARY MIRROR 
* 

FIG. II - 2 STELLAR PHOTOMETER MODULE 



F1G.E - 3 S T E L L A R  P H O T O M E T E R  M O D U L E  



RECOLLI MATION MECHAN1S.M /- 



FILTER A S S I G N M E N T  

FILTER CHARACTERIST ICS 

FIG. IT- 5 STELLAR PHOTOMETER - WAVELENGTH DATA 
- - 
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PHOTOCATHODE 

NOTES: 
I. ALL DIMENSIONS ARE I N  M I L L I M E T E R S  

2. A L L  R A D I I  AR'E CONVEX. 

3. N E B U L A R  PHOTOMETER EMPLOYS TWO ELEMENTS.  
SPACING BETWEEN THEM IS GIVEN AS L' FOR F I R S T  ELEMENT.  

4. LOCATION OF F I L T E R S  BETWEEN F I E L D  STOP AND LENS 
NOT CRITICAL.  (NO F ILTERS ARE EMPLOYED I N  SPECTOMETER). 

FIG. 11-6 FABRY L E N S  
CHARACTERISTICS FOR ALL MODULES 



COMMAND 1 
BIT TIME SIGNAL LINES 
B 7 9 I0 

"r OTHER 
PHOTOMETER 

GATES 
STOP CCNTROL 

I t I I 

BUFFERS, PULSE STRETCH, AND DRIVE AMP 
I I I I I 

10' AND 2' FIELD STOP 

FIXED (PERPENDICULAR \ L - - - - - - -  

PIVOT T.0 PLANE 
OF PAPER) 

FIG. II - 7 F U N C T I O N A L  DIAGRAM O F  COLLlMATlON A N D  F I E L D  STOP C O N T R O L  



BIT BIT BIT BIT 
2 3 4 32 

EXPERIMENT 
OPERATION , 

CODE 
(EOC) I 1 I I 

i /  BIT TlME T W O  I I ;; I I 
I I I I I I 
I I I I I 

BIT TlME THREE 0 I \ I  I :. I I 
I I I I ' I  I 
I I I 

BIT TlME FOUR 0- 
I I I 
I I I 

t31T TIME i I i I 
THIRTY-TWO O 1 I 1 I I 1 .  

TlME IN MICROSECONDS 

# 

F1G.E-  8 EOC COMMAND CODE AND B I T  T I M E  SYNCHRONIZATIOI\b 



BIT 
TIME 
LINES 

EOC 
COMMAND 

INPUT STEPPING 
MOTOR 

STRETCH 
AND DRIVE 

w 
BINARY 

POSITION 
STATUS OUT 

FIG. 33 - 9 LOGIC DIAGRAM FOR F I L T E R  W H E E L  P O S l T l O N  CONTROL 
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START EXPOSURE 

E X P O S U R E  TIME COMMAND 

T O M U L T I  P B I E R  0 SPACECRAFT 

A S S E M B L Y  

LOG MEASUREMENT 
C I R C U I T R Y  I 

T O  SPACECRAFT 
ANALOG-TO-DIGITAL 

COhlVERTER 

ELECTROMETER T R A N S I S T O R  
T U B E  I N P U T  STAGE A M P L I F I E R  - - - - - -  _I 

FIG. JI - l O  FUNCTIONAL D I A G R A M  OF  DATA MEASUREMENT ClRCUlTS 



C H A R A C T E R I S T I C  

PHOTOCATHODE MATERIAL 

CATHODE FACEPLATE MATERIAL 

SPECTRAL RESPONSE 1 1 0 0 - 3 5 0 O A  1 6 5 0 -  6 5 0 0 A  

FIG. Z11:-I1 TABLE OF PHOTBMOkTIPklEW TUBE CHARACTERISTICS 
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1 SECTION I11 . 
i r  I . .. 

NEBULAR MODULE FUNCTIONAL DESCFUPTION 

he functional block d iag ram of the Nebular Photometer is s imi l a r  . - 
t h e  S te l l a r  Photometers  shown i n  Fig. 11-1. The main  difference 

n t h e  two tyPes i s  that no in-flight recollimation capability i s  

provided for i n  t h e  Nebular Photometer  because i t s  g rea te r  field of view 

m a k e s  s u c h  a capabili ty unnecessary. With this exception, the functional 

opera t ipn  of t h e  opt ical-electronic  path shown in the figure i s  equally 
I 
I 
i 
I 

applicable ta the Nebular.  
; I 

Star l ight  in  the Nebular i s  collected in a Cassegrain-type te lescope 

by a 16-inch d i a m e t e r  on-axis parabolic reflecting m i r r o r  having a 32 inch 

focal  length.  The controlled variables  in the optical electronic path a r e  

f ie ld s top  se lec t ion ,  f i l te r  selection, and exposure t ime and analog sensit ivity 

selection. A phantom view of this module is shown in Fig.. 111- 1. 

B. OPTICAL 

The a p e r t u r e  of the p r imary  m i r r o r  is l imited by the retaining ring 

to a 15. 585" d iamete r .  Vignetting due to  the  photomultiplier a s sembly  and 

its support ing sp ide r  reduces the effective collecting a r e a  to 162 squa re  

2 inches  (1050 c m  ) f o r  sources  on the  axis of the system. A t  off-axis 

angles  cor responding  to  the la rges t  field, the a r e a  i s  es t imated to  be 

reduced  by 0 . 9  p e r  cent.  



The photometer mechanism f o r  this  module i s  s imi l a r  to that for  

the S te l la r  modules ( see  Fig. 11-3) except f o r  a n  enlarged f i l ter  wheel and 
I 

the absence  of any recollimation fea ture .  Since this  instrument  i s  designed 
I 

I 
principally for  observations of nebulae and other extended- surface objects,  1 

I 

the angular  fields of view a r e  made g rea te r  than in  the Stel lar  Photometers .  

As in the  S te l la rs ,  two fields a r e  available. These  have angular d i amete r s  

of t en  minutes and th i r ty  minutes, the corresponding l inear  d iameters  of 

the  field stop a p e r t u r e s  being 0.093 inch and 0. 280 inch, respectively.  

The  f i l te r  wheel in the Nebular Photometer  i s  a six-position device 

which cqntains four different optical f i l t e r s ,  a calibration source  and a:dark 

slide.  The ~ a l ~ b ' r a t i d n  sour -manddark  s l ide a r e  identical to  those used in 

<'. the  S te l la rs .  The f i l te r  charac ter i s t ics  a r e  given in  Fig.  111-2. It is 
\ 0 

seen  that two of the f i l te rs  a r e  duplicated in two of the Stellar Photometers ,  

again providing redundancy, a s  well a s  capabil.ity. f h ~  in'-orbit c r o s s  -check 

and recalibration. Band passes  of the remaining two f i l te rs  a r e  chosen 

consistent with the  short  -wavelength cutoff of the photomultiplier, 

The  F a b r y  lens in the Nebular Photometer  consis ts  of two UV grade  

fused s i l ica  elements:  an equiconvex (adjacent to the f i l ter  wheel) followed 

by a plano-convex (plano side adjacent to the photocathode). Design data  

fo r  these  elements  a r e  given in Fig. 111-3. The axial  separat ion of the two 

elements  i s  0. 9 mil l imeter .  



ELECTRONICS 

1. Field Stop Selection 

F o r  the Nebular, one of two field stop apertures may be 
. . 

selected providing viewing angles or" 10 and 30 minutes of a r c ,  thus, various 

size portions of a nebular can be observed 

The field stop mechanism i s  a two position device, with a 

commutator to provide digital status output, and is controlled in the same 

manner a s  that of the Stellar field stop mechanism, See Soctiun 11. C. 1. 

+ 2. Fi l ter  Wheel 

The f i l ter  wheel control i s  accomplished in the same manner 

le--\ as in  the Stellar,  bat with an additional input and commutator position 
\ 

kequired for  the sixth f i l ter  wheel position. Again, the commutator 

$iLSrovides f i l ter  wheel status signals. 

3, Data Measurements Circuitry 

The data measurement circuitry coiztains a phot~mul t ip i ier  

assembly with an EM1 tube, a s  well a s  pulse measurement circuitry and 

analog measurement circuitry which a r e  identical to that af the Stel lar  

Photometers.  F o r  details see  Section II. C. 4. 

D. SUMMARY OF A L L  OUTPUT DATA AVAILABLE FROM T H Z  
NEBULAR PHCITOMETER 

All output data which i s  obtained f r o m  the Nebular Photometer i s  

reviewed below. The W E P  digital output data i s  formatted intb four 25-bit 

words a s  shown in Fig. VII-3. All Nebular digital data i s  contained in 

digital output words No, 1 and No. 2. 



A s  with t h e  S k l l a r ,  Nebular output data may be  divided into two 
b :, . L 

c l a s s e s :  photometr ic  measurement  data  and s tatus  data. 

1. Photometr ic  Measurement  Data 

i a* 

' Digital Photometr ic  Data 

I This  consis ts  of an  eight-bit measuremen t  (full 

kale:  2' = 256 units) occupying bit positions 18 through 25 in i ,  
digital  output word No. 2, with bit position 18 containing the l eas t  

significant bit. 

b. Analog Photometr ic  Data 

+ I 
I . - The analog phbtometric measurement  has  an output 

vdlkage range  of 0 to  5.06 volts, and this i s  ult imately digitized in 

t h e  Spacecraf t  into an eight-bit digital word fo r  subsequent te lemetry.  

(Ful l  scale:  28 = 256 units, f o r  a . 0198 volt unit of resolution. ) 

T h e  tab le  below shows fo r  each of the four sensi t ivi ty  ranges the  

ave raged  d c  P M  anode cur rent  requi red  fo r  fill1 sca le  and for  one 

unit of resolution. The sensit ivity ranges a r e  expressed  in  t e r m s  

of the corresponding digital exposure.  

>-x2. : Full  Scale  Unit of Resolution 
. -  . 

Sensitivity Range Amps Amps 

- 
1/8 second exposure 10 - 3 . 9  lo -9  

1 second exposure .  3 .9  x 10- lo  

8 second exposure 

64  second exposure l o ^ 9  3.9 x 10- l 2  



2. Status Data 

a. F i l t e r  Wheel Posit ion Status 

This information i s  presented in binary coded f o r m  

' in bit positions 20, 21, and 22 of digital output word No. 1 

F i l t e r  Wheel Word No. 1 Bit Posit ions 
Position 20 ' 21 22 

Exposure T i m e  Status 

This  informa-tion is presented i n  bit positions 23 and 

24  of digital output word No. 1 

Word No. 1 Bit Posit ions 
Exposure T ime  23 24 

.l/8 second 1 1 

1 second 

8 seconds 

'64 seconds 0 0 

C. Aper ture  (Field Stop) Posit ion Status 

This information i s  presented in bit position 2 5  of 

digital output word No. 1 



Aper tu r e  Pos i t ion  
(Field S ize)  

10 arc minu t e s  

30 arc minu t e s  

Word  No, 1 Bi t  Pos i t ion  
25 



' 4-POINT ADJUSTABLE MOUNT \ 

FIG. III - I NEBULAR PHOTOMETER MODULE 



CENTER WAVELENGTHS OF FILTERS IN ANGSTROMS 

FIG. - 2 NEBULAR PHOTOMETER WAVELENGTH DATA 



SECTION IV 

SCANNING SPECTROMETER FUNCTIONAL DESCRIPTION 

GENERAL 

The functional block d iagram of a Scanning Spectrometer i s  shown 

in Fig. IV- 1. This  d iagram i s  applicable to both Spectrometers  and shows 

scime of 'the c i r cu i t ry  common to the two. 

Because  the two Scanning Spect rometers  a r e  considered t o  be  backup 

ins t ruments  t o  the  Stel lar  and Nebular Photometers ,  and because of a 

limitation in  tKe amount of digital output data that the Spacecraft  can accept ,  
C 

the equipment i s  constrained s o  that only one Spectrometer  can be  operated 

at a t ime.  Therefore ,  a single command control sys tem for the two 

c- ins t ruments  has  been provided a s  well a s  command capability fo r  select ion 

of the des i r ed  spec t rometer .  

' The Spect rometers  collect a selected band of light by use  of a 

rotatable  grating and an on-axis parabolic m i r r o r  with a 3 1- 1 /4 inch focal 

length. The  light f r o m  the collecting m i r r o r  passes  back through a hole 

in  the center  of the  grating, through an  ape r tu re  s l i t  and field lens to the  

photomultiplier tube. The output of the detector tube i s  fed through 

electronic  c i r cu i t ry  almost  identical to  that used for  the Stel lar  Photometers .  

The controlled variables  in the optical-electronic path a r e  exit s l i t  

width selection, diffraction grating angle, and exposure t ime and 
@ 

corresponding analog sensitivity selection. 



Experiment Commands a r e  received-from S p 3 ~ e c r a f t  storage on 

Experimenters Operation Code lines. These, together with Bit Times 

and Clock Signals, a r e  gated, decoded and buffered to derive the signals 

used to control the variables in the optical-electronic path. 

B. OPTICAL 

The optical design of the two Spectrometers i s  identical except 

f o r  the amount of angular rotation imparted to the gratings and for  the 

grating blaze angles. These a r e  different in the two instruments to 

provide two different wavelength bands. A cutaway view of the system 

is shown in Fig. VI-2. Radiation f rom a stel lar  source i:hpinges qirectly 
+ 

on the objective grating (no foreoptics a r e  used) where i t  i s  dispersed 

before being reflect@ by the prirhary paraboloidal mi r ror .  Thus a sepqrate 

II 
t-. stellar image i s  produced in  the prime focus for  each wavelength. The 

resulting polychramatic iq+ge of a single s ta r  i s  a line along which the 

wavelengtl?varies in an (a1most)i l inear manner. By rotating the grating 

about an axis >Garallel to the rd ipgs ,  this line image i s  made to scan across  
- $ 1  

.. 
an exit slit placed at the prime focuq. The width of the slit  determines 

the spectral  bandwidth acceptea at any instant. Unwanted scattered radiation 

is minimized by providing a narrow mask across  the face of the grating. 

As in  the other instruments, a Fabry lens i s  located behind the 

slit. I ts  characteristics for  both spectrometers a r e  given in Figure 11-6. 

The limiting aperture of the instrument i s  the grating, which. bas an 

2 effective collecting area of 265 cm or  41.0 square inches. Wavelength coverage 

is 2000 to 40001 in Spectrometer 1 and 1000 to 2000A in Spectrometer 2. 

Blaze angles a r e  set for  3000A and 1500hl, respectively. 

LV-2 



]In boLh instruments the gratings a r e  ruled with 300.06 lines per 
+, . .. . . 

I 

mill imeter,  yielding an angular dispersion ~f 9.656 Angstroms per  'arc- 

! 
mjnu$e. This,  combined with the primary focal length of 31.25 inches 

i 
yields a linear dispersion of about 42 Angstroms /mm. 

Total grating rotation required i s  104 minutes in ~pectrorn&er  1 

value in  Spectrometer 2. In each case the interval i s  
. . 

divided into 100 equal steps corresponding to 20 Angstroms and 10 
i 

'Angstroms per step, respectively. 

In each instrument, one of two slit widths .can be chosen to yield 
, 

high-resoiution o r  low- resolution data. Jn Spectromater 1 these a r e  20% 

a n d  Z O b k  respectively, and in Spectrometer 2,  16% and 100% nespectively. 

Tkk lengths of the exit 'slits (and the directLon af the grating rulings) a r e  C 
paral le l  to the Spacecraft Zc axis, whereas the sbit widths and therefore 

1 

m e  direction of dispersion a r e  pqrallel to the Yc axis. F o r  spectral 

scanning the grating i s  rotated about an axis parallel to thg Z axis, T h ~ p  
G 

if the grating drive mechanism should fail, scanning can still  be achieved 

be slewing the entire Spacecraft about i ts Zc  axis. 

The length of the g i t s  limits the field of view to 8 minutes in  the 

direction of the Z, axis. However, because of the dispersion, ,$he field 

of view is not limited in the Y c  direction by the slit width. The only 

' limitation in this direction i s  that 'dueito the mechanical vignetting c a s e d  

by the openkg at  the front (top) end of the rnod.de. The resulting field i s  

not a sharply- defined one having mdre or  l e s s  mi form response out to the 
' 



m t o g  points, Rather, i t  reduces in  a nearly linear manner f rom maximum 

response on-axis to zero at - + 10 degrees off-axis. Therefore, any 

celestial object within 2 Sield measuring 8 minutes by 20 degrees may 
\ 

conceivably introduce spurious radiation into the system. 

This effect must not be forgotten when use of the Spectrometer is 

contemplated. System response in the 8-minute direction of the field of 

view is theoretically uniform. In the 20-degree direction it  i s  not only 

' non-uniform but also quite unsymmetric, due to the g'rating blaze and 

spectral responsivity of the photomultiplier. This i s  shown graphically 

in Fig. IV-3, where theoretical grating efficiency i s  taken into account, 

along with Fabry lens transmission,spectral responsivity((amperes per  watt 
C i 

. . of the ASCOP 541F-08 tube, and linear vignetting of the-field. The curve 

- is for Spectrometer 2 a t  the nominal wavelength of 1500a Obviously, 

i spurious radiation f rom off-axis targets will differ in wavelength f rom the 

- n o e n d  value, and this i s  shown in the second set of abscissas in the figure. 

Figures IV-4 and IV-5  show how the curves change when the grating i s  

rotated to i ts  two extreme positions. Figure IV-6 i s  analogous to Figure IV-3 

except that it  is for  Spectrometer 1. 

It must be emphasized that these curves a r e  theoketical and a r e  

used only to illustrate the nature of the problems involved. They do not 

represent measured values of gra t i~geff ic iencies .  . Their shortcomings a r e  

evident in  that no energy i s  shown redlected into the zero order. Spectral 

variation of detector response and grating reflectivity have also been omitted, 

A l l  these factors (except vignetting) a r e  lumped together in a pre-flight 
. . 

f - absolute calibration of both instruments, buta,the field of viey.problem still  

remains after this calibration, 
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6 .  ELECTRONICS 
t 

+, 

. Slit Width Selection 

For Spect rometer  No. 1, one of two sl i t  widths m a y  be 

i 
se l ec ted  providing a bandwidth of 20% o r  2003, while the selectable  widths 

i 
f o r  Spe t r o m e t e r  No. 2 a r e  1 0 2  o r  1002. 7' 

I T h e  s l i t  width mechanism is a two position device with a 

commuta tor  t o  provide a digital s ta tus  output, and i s  cdntrolled in  the 

s a m e  m a n n e r  as t h e  Stel lar  field s top ape r tu re  mechanism..  See Section 

I 

*2, : . Grat ing  Angle 

I The grating dr ive  control c i rcu i t ry  i s  such  that any number 

0 

(- 
of s t e p s  f r o m  1 t o  the  full range of 100 m a y  be scanned. Each  s t ep  is 20A 

0 0 
i n  length f o r  Spec t romete r  No. 1, covering the range of 2000A to  4000A, 

0 0 
while Spec t romete r  No. 2 covers  the range of lOOOA to 2000A in s teps  of 

102 each. Operat ion i s  unidirectional until a new command to r e v e r s e  

d i rec t ion  is init iated. An end-of-travel signal occurs  a t  the  stops a t  e i ther  

e x t r e m e  posit ion of the grating level. This  signal e lectr ical ly  inhibits 

f u r t h e r  stepping a t tempts  and switches the readout control c i rcu i t ry  back 

to Mode A f o r  t h e  completion of the readout cycle. The  readout modes 

a r e  covered  in  m o r e  detail  in Section VII. 

A commutator  attached to the grating dr ive  generates  four 

digi ta l  s ta tus  s ignals  occurr ing about 2 5  s teps apa r t  and defining which 

quadrant  of the  100 s t ep  scanning range i s  being scanned, and by noting 



when th is  s ta tus  data changes th ree  specific wavelengths may be identified 
I 

(within a to le rance  of not m o r e  than on; step).  The end-of-travel s tops 

identify two m o r e  wavelengths. 

Input commands contain information a s  to  which Spect rometer  

is t o  b e  used, which direction it is to  s t ep  and the des i red  number of s teps.  

This  command, in  conjunction with timing signals generate  a grating s t a r t  

signal which i s  applied to  the proper  motor  dr ive circui ts  causing the  motor  

to  s t ep  one step. Upon completion of the selected exposure (8 o r  64 seconds) ,  

and if F o r e  than one s tep  has  been commanded, the  Readout Control applies 

the  sezond s t a r t  pulse, which resu l t s  in  another step. This sequence 

continues until the  commanded number of s teps have been taken o r  an  end- 

C of- t ravel  signal occurs ,  at which t ime  the Spectrometer  dr ive  stops awaiting 

a new command. 

3. Data Measurements  Ci rcui t ry  

The  data measurement  circui t ry fo r  the two Spect rometers  

is s imi l a r  to  that  of the Stel lar  Photometers.  Spectrometer  No. 1 contains 

a n  EM1 photomultiplier tube assembly,  while Spectrometer  No. 2 contains 

a n  Ascop assembly.  

The  pulse measurement  c i rcu i t ry  i s  the s a m e  except that 

the  two Spect rometers  sha re  one measurement  counter which i s  gated to 

the Spect rometer  selected by the input command. Also, only the 8 and 64 

second exposure t imes  a r e  used. 



The analog measurement  circui t  i s  of the s a m e  design as 

that  used in  the Stellar Photometers ,  with the exception that only two 

sensi t ivi ty  ranges a r e  provided: I O - ~  and amps full scale .  It should 

be noted that  analog data i s  available continuously f r o m  both Spect rometers ,  

while digital data is available f r o m  only one Spectrometer  a t  a t ime. 

D. SUMMARY O F  ALL O U T P U T  DATA AVAILABLE FROM THE 
SCANNING SPECTROMETERS 

A l l  output data which is obtained f r o m  the two Spect rometers  i s  

reviewed below. A11 Spectrometer  digital data is contained in  digital output 

words No. 3 and No, 4. 

' Spectrometer  output data may  be divided into two c lasses :  

photometric measurement  data  and s tatus  data. 

(- 1. Photometr ic  Measurement  Data 

a. Digital Photometr ic  Data 

This consis ts  of a n  eight bit measurement  (full sca le :  

28 {= 256 units) occupying bit positions 18 through.25 i n  digital output word 3 

with bit position 18 containing the  leas t  significant bit. 

b. Analog: Photometr ic  Data 

The analog photometric measurement  has  an  output 

voltage range of 0 to 5 .06 volts and this  i s  ultimately digitized i n  the 

Spacecraft  fo r  subsequent te lemetry  into 28 (= 256) units, for  a . 0198 volt 

unit of resolution. The table below shows, for each of the tw'o analog 

sensit ivity ranges,  the averaged dc PM anode cu r ren t  required f o r  full  
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sca le  a n d  f o r  one unit of resolution. The sensitivity ranges a r e  expressed 
* 
i;- 

in t e r m s "  of the  corresponding digital exposure. 

I ~ u l l  Scale 
Sensitivity Range Amps 

Unit of Res olution 
Amps -- 

I 2.. Status Data 

a. Spectrometer  Selection Status 

This  information is presented in bit position 1 of 

digital  output word  No. 4 and i s  used to  corre la te  the digital photometric 
+ 

' -  
m e a s u r e m e n t  da ta  and the balance of the s tatus  data to the proper  

Spect rometer .  
>f--.f-t 

t, > Selection Word Bit Position 1 . 

Spect rometer  1 1 

Spect rometer  2 0 

b. Wavelength Band Status 

This information is presented in binary coded f o r m  

i n  bit  posi t ions 22 and 23 of digital output word 4. 

Spec t romete r  1 
Nominal Wave - Word No. 4 Bit Positions 
length Band 

Spectrometer  2 
Nominal Wave - 
length Band 



Exposure T ime  Status 

This  information i s  presented in bit position 24 of 

digital output word 4. 

Exposure  Time Word Bit Posit ion 24 

8 seconds 0 

64 seconds 

d. Slit Posit ion Status 

This  information i s  presented in bit position 25 of 

digital output word 4. 

spec t r&meter  1 Spect rometer  2 
Nominal Slit Width Word Bit Posit ion 25 Ndminal Slit Width 



061f IOH 
STAT US 

SLIT 
STAT US 

NO. I OR N0.2 
AMPLIFIER DIGITAL 

MEAS. DATA 
OUT 

SP N O 2  
ANALOG DATP 

FIG. IZL-l SCANNING SPECTROMETER FUNCTIONAL BLOCK DIAGRAM 



FIG. E - 2  SPECTROMETER MODULE 
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SECTION V 

i MISCELLANEOUS INFORMATION 

A. PULSE MEASUREMENT CONSIDERATIONS 

To understand the purpose and function of the pre-counter,  

consider the f~l lowing.  B ecause of limitations in the Spacecraft data 

handling capacity, each digital photom.eter measurement i s  constrained 

8 t b  eight bits of'data, ' for a ful l  scale of 2 (=  256) units of intensity. Also, 

due to the essentially random time distribution of these pulses(random arr ival  

of photons, etc. ), the accuracy of the digital measurement must be 

considered on the bas is  of statistical probabilities. F a r  instance, if 

- 8 
one particular measurement completely filled the counter (i. e, , 2 

' cdunts per  exposure t ime) the 63% confidence level for  this measurement 

C : 
would be 0 = z4. and therefore only four of the eight bits of the digital 

photbmeter measurement would contain significant data. If, however, a 

total of 14 binaries were used to make this same measurement (with a 

corresponding increase in exposure t ime),  then for  the full  scale reading 

- 14 
of 2 (= 16, 384) the 637'0 confidence level i s  fF= z7 (= 1281, and certainly 

the six (probably seven) leas t  significant bits of this measurement could 

be discarded, and the remaining eight bits will contain essentially al l  the 

significant d$ta inherent in the measurement, 

Thus be placing a six stage binary pre-counter between the 

discriminator and the actual eight stage measurement counter (and 

adjusting the exposure time) the size of the statistical sample i s  increased 

and greater  measurement accuracy (i, e,  a greater  number of significant 

bits) i s  obtained. 



The table below shows the average pulse ra tes  a s  seen at the 

discriminator output for  each unit of the digital output data, and for  a 

8 
full scale of 2 (=  256) units of digital output data, for  the four exposure 

t imes . 
Exposure Time Pulse 'Rate pe r  Measurement Pulse Rate for  Full  

Unit (unit of resolution) Scale Measurement 

1/8 second 
. . 

1 second 

8 seconds 

64 seconds 

512 pps 
. . 

It is worth noting that digital photometric measurements greater  than 

f- 
4 -  a the above "full scale" can be made if some means i s  available external to the 

counter of ascertaining the number of "dumps" (i. e . ,  full cycles of 256 units 

each). the counter has made during the measurement. This might be determined 

f rom the corresponding analog data, or  perhaps by extrapolating f rom 

another digital measurement:  of the same target using a shorter  exposure time. 

There  should be an essentially l inear  correlation between the number 

of photons incident on the photocathode and the number of pulses a t  the 

discriminator output. However, the exact ratio of these two cannot be 

reliably dete'rmined because of uncertainties introduced by variations in _ , I -  

the quantum efficiendy and electron multiplication of the PM tube, in the 

gains of the pre-amplifier and ac amplifier,  in the efficiency of the d is-  

criminator circuit, etc,  



B. DC M E A S U R E M E N T  CONSIDERATIONS 

T h e  analog measurement  circuit  operation i s  descr ibed in Section 11. 

Except fo r  the scanning spec t rometers  having only two sensitivity ranges,  

a l l  seven anal.og amplif iers  a r e  alike. 

A smal l  positive zero  offset i s  provided to  l e s s e n  the possibil i ty of 

the ze ro  drift ing to negative voltages (which cannot be accommodated by the 

Spacecraf t  A - D  conver te r )  during the expected orbi ta l  life &nd t empera tu re  

environment of the W E P .  This  offset voltage (approximating 0. 15 volt) i s  

provided by matched selection of the e lec t rometer  tubes and of the sc reen  

gr id r e s i s t o r s .  
* 

Measurements  made  with the seven analog amplif iers  of the Flyable 

W E P  show that  none of these zero offsets changed by m o r e  than 0 .  1 volt 
/- 

I. i I through the t empera tu re  range of t25OC to - 4 5 O ~ .  

T h e  dc  amplif iers  have an operational amplifier configuration and 

therefore a r e  inherently l i nea r  between the l imi t s  of the ze ro  signal (offset) 

voltage and the maximum usable output voltage. Measurements  have verified 

that t h i s  l ineari ty  i s  a t  l e a s t  better than k0 .  5%. 

The  over-a l l  gain of the analog photometric measurement  channels 

va ry  with t empera tc re .  F a c t o r s  contributing to  th is  a r e  a s  follows: 

1. . The feedback re s i s to r s  m u s t  of necessi ty  have very  high res i s tance  
m 

values (up to 5 ,000  megohms),  and r e s i s t o r s  in this range always 

have l a r g e  and i r regular  tempera ture  coefficients. As the feedback 

r e s i s t o r  i s  the ma in  gain determining element of this amplif ier  

design, the over -all  amplif ier  has  a s imi l a r  tempera ture  coefficient. 



. . L a b o r a t o r y  measuremen t s  show changes in resis tance and of 

i. . L ampl i f i e r  gain of 6 to  20 percent ove r  the range of t empera tu res  

from +2s0c  to  - 5 5 ' ~ .  

2 .  / It is known that the over-al l  radiant sensitivity of a photo- 

I mul t ip l i e r  tube i s  tempera ture  -dependent, but to date,  no ca l i -  

bra t ion  data  specifically related to  temperature dependence has  

b e e s  t aken  on the flyable tubes. However, the variations appear  

to be  in the o r d e r  of tens of percent over  the anticipated t empera tu re  

range. 

It is planned tha t  cal ibrat ion measurements  will be performed on the ent i re  

W E P  using the  t e m p e r a t u r e  and vacuum optical facil i t ies at Goddard Space Flight 

Center  s o m e  t i m e  before  launch, a t  which time an addendum to this  document 
-P 

m a y  be i ssued .  

C. GENERAL STATUS DATA 

The t e m p e r a t u r e  at th ree  places in the experiment and the output voltages 

of all t h r e e  dc-dc  conver t e r  sys t ems  a r e  continuously monitored, and the resul t ing 

analog infortnation is fed d i rec t ly  to  the Spacecraft  where i t  i s  converted to  digital 

f o r m  and s t o r e d  f o r  l a t e r  t r ansmiss ion  to a ground station. 

S ince  the Spacecraf t  A -D  converter  will digitize only voltages between 

0 and 4-5.06 v, s o m e  of these  pa ramete r s  must  be shifted in range before being 

fed to the Spacecraf t .  F o r  the 4-10 and t 1 5  volt supplies,  this i s  provided by 

s imple  voltage d iv ide r s ,  and calibration curves with positive slopes r e su l t .  

See  F igs .  V-1 and V-2. F o r  the ne ia t ive  supplies (-10 volts, -15 volts,  and 

I 
-2500 volts) the s t a tus  mus t  necessar i ly  be referenced to a positive voltage, 



and the r e su l t ing  c i r cu i t s  producing famil ies  of curves with negative s lopes.  

.i-. 

T h e s e  c u r v e s  and c i r cu i t s  a r e  shown in Figs .  V-3,, V-4, and V-5, respectively.  

In the c a s e  of the -2500 volt supply, the impedance of the voltage divider was 

i 
n e c e s s a r i l y  very high, and a n  impedance t ransformation was necessa ry  to  avoid 

i 
l o s s  of a c u r a c y  due  to excessive loading of the s tatus  data c i rcu i t  by the A-D i conver te r .  T h i s  is provided by a t empera ture  compensated emi t t e r  follower 

i . , 
circui t .  ' 

r 
Temperahre is sensed  at  three  places in the W E P  by the rmis to r s .  One 

of these  i s  located i n  the  Control Electronics Package, one n e a r  the middle of 

the Prim-ary S t ~ a c t u r e  and one on the- top flange of the Nebular Module. Fami l i e s  

of c u r v e s  f a r  these a r e  provided in F igs .  V-6, V-7, and V-8. 

D. P O W E R  AND FUSING r 
\. 

The primary power for  the W E P  is obtained f rom the 28 v *2% Spacecraf t  

power supply, I n - t h e  W E P ,  this 28 v is directed to  the following circui t  areas:  

(1) The 10 v dc-dc converter  system 

(2) The 15 v dc-dc converter  sys tem 

(3) The HV dc-dc converter  system 

(4) The energy  s torage capacitor system. 

T h e  h e a r t  of the 10 v dc-dc converter  sys tem consis ts  of a redundant 

pa i r  of dc-dc  c o n v e r t e r s ,  e i ther  one of which i s  capable of supplying the total 

W E P  r e q u i r e m e e s  f o r  $10 and - 10 v power, and on ly  one of which i s  used a t  

a t ime.  T h e  syszem also includes suitable digital logic and relay switching 

c i r cu i t s  such  that in the event of a suspected fai lure  of one of the conver te rs ,  

the  o t h e r  m a y  be switched itdo use via ground command. This  system i s  



located physically in the Control Electronics Package. 

, The t 10  and -10 v power i s  used extensively in the a-c amplifier and 

motor drive circai ts  of the P r i m e  Instrument Package. It i s  also used.as 

reference voltages in the temperature sensor  circuits.  

The 15v  dc-dc converter system also contains a redundant pair of con- 

ve r te r s ,  switchable by ground command. This  system i s  located on the underside 

of the p r imary ' s t ruc tu re  in the P r i m e  .Instrument Package and supplies power to 
f 

the analog amplifiers and to some of the analog status data circui ts ,  

Like the two sys tems described above, the HV dc-dc converter system 

contains a redundant pair  of converters  switchable by ground command. Each 

converter"is capable of delivering 165 microamps a t  -2500 v with a regulation of 
. . . 

0; 1% f o r  anticipated l ine,  load, and orbital temperature variations. The steady 

, state load is 140 microamps.  This  system i s  also Located on the underside of 

the pr imary structure,  and i s  used only for  the photomultiplier tubes. 

The energy storage capacitor system consists of s ix  essentially identical and 

electrically independent se t s  of capacitor banks, as  shown in Fig. V-9. These a r e  

charged from the 28 v l ine,  and furnish the relatively high peak 28 v power which 

is necessary  to drive the various motors ,  solenoids and relays,  and which i s  not 

available directly from the Spacecraft. One of these banks, of 2400 microfarad 

capacity, is  used with each of the four s tel lar  photometers. One bank of the same 

s i z e  i s  used for the two spectrometers  (only one of the la t ter  may be operated at 

a t ime , )  The sixth bank, of 3000 microfarads,  is  used for the nebu1a.r photometer. 

Each bank is provided with a redundantly fused current  l imiter  circuit  

to  l imi t  the charging current  drawn from the Spacecraft to an acceptable value. 



In addition, each capacitor within the bank is  also fus.ed and is  isolated with diodes 

s o  that the shorting of one capacitor will not affect t h e  operation of the balance of 
, - ' . I  ,. . . 

:. . the bank. '. 8 . .. 
. .  . . .. - 

Since all actuators a r e  of the . pulqe . .. type,;-oand2h~~commands ..- - . a r e  limited to 
., .- X", 

a maximum rate of one per second, the storage cir$&its& will supply the necessary  
-1 '. . . I .  

.I .. . ' .  , . . 
power and then recover before the n'ext command appea;s. 

, 
In addition to the capacitor bank fusing described above, the 28 v input to 

each of the s ix  dc-dc converters  i s  independently fused, and both the t10  v and the 

-10 V into each of the seven telescope modules i s  independently fused. All fuses 

consist of redundant pa i r s  (o r  threesomes) of fuse elements,connected in parallel,  - 
, any one of which w i l l  safely take the full anticipated load. The 28 v line i s  not 

fused in the Spacecraft. 

6 
The total power required for operation of the ent ire  W E P  i s  a s  follows: 

(1) Standby power (i. e.  , no mechanical actuations) i s  7 .6  watts. 

( 2 )  Peak powe r during execution of commands involving mechanical 

actuations i s  20 watts,  decaying 'exponentially to standby with a 

250 millisecond t ime constant. 

(3) Maximum power required for execution of commands, averaged 

over one minute is  9. 5 watts. (Note: Commands cannot be issued 

Q f rom Spacecraft  storage more  frequently than one per minute.) 

(4) Turn-on surge power i s  50 watts peak, decaying exponentially 

to standby with a 250  millisecond time constant. 







Supply Voltage VS 

CALIBRATION CURYE FOR 10 VOLT DC-DC CONVERTER STATUS NEGATIVE OUTPUT 
FIG. X-3 



CALIBRATION CURVE FOR 15 VOLT DC-DC CONVERTER STATUS NEGATIVE OUTPUT 
FIG. T-4 



Supply Voltage VS 

CALIBRATION CURVE FOR HIGH VOLTAGE DC-DC CONVERTER STATUS 
FIG. T- 5 



Temperature In O C  

CALIBRATION CURVE FOR CONTROL ELECTRONICS TEMPERATURE SENSOR 

FIG. 9- 6 



Temperature In OC 

CALIBRATION CURVE FOR PRIMARY STRUCTURE TEMPERATURE SENSOR 



Temperature In OC 

CALIBRATION CURVE FOR NEBULAR T O P  TEMPERATURE SENSOR 
FIG. Y- 8 
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! SECTION VI 

' CALIBRATION O F  PHOTOMETERS I 
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(This Section wi l l  be prepared by the Space Astronomy Laboratory 
I 
i 

inser ted at a future date, ) 
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SECTION VII  

OPERATIONAL USAGE 

A, MODES O F  WEP OPERATION 

The modes of operation of the  WEP a r e  direct ly  associated with 

the p r i m a r y  ins t ruments  to  be  uti l ized for  any given measurement .  Each  

mode (andfor  instrument)  is commanded with, and controlled by, the EOC 

line on which its command aGpears. The OAO-WEP command codes utilized 

in each of these  modes and the coded operation function associated with each 

EOC line and each  bit on that l ine is shown in  Fig. VII- 1. 
4 - 

Mode A is associated with operation of the  four Stel lar  Photometers  

and the normally used commands fo r  these  instruments .  Mode A commands 

(- @. a r e  received via  E.OC line 1, 2, o r  3. Mode B is associated with operation 

. . 
of the Nebular Photometer .  Mode C i s  associated with operation of the 

Scanning Spectrometers .  Mode D is the collimation and ape r tu re  control 

m ~ d e  of operation normally used only in ea r ly  flight orbi ts  fo r  minor  r e -  

alignment of the four Stel lar .Photometers  t o  the Spacecraft  aiming axis.  

An "Experiment Analog Mode" causes  repetit ive readout of the experiment  

analog data  f r a m e  until a new Command Enable signal i s  received. EOC 

line 13 i s  utilized for routing commands to  a power supply switching circui t  

when it i s  des i r ed  to change any of the WEP internal power supply sources.  . 

B. DATA FRAMES AVAILABLE 
(I I 

Fifteen analog channels a r e  made available by the spacecraf t  for  

the WEP analog output data. A single f r a m e  of this  data  i s  identified in 



Fig. VII-2 .  This  data  may be synchronously sampled by Experinlent 

Data Handling Equipment (EDHE, located in the spacecraft)  during r ea l  

t i m e  operation. However, in the normal  "stored mode" of operation, t .  

WEP must  provide a Store Analog command to the EDHE f o r  the  1 5 - w o ~ (  

f r a m e  of WEP analog data (Experiment Analog) to be read  into the 

Spacecraf t  data  s torage.  

. . 
Wisconsin Experiment digital output data i s  formatted into four  

25 bit  words a s  shown in Fig. VII-3. Here  again, this  single f r a m e  of 

four  digital words m a y  be synchronously sampled by the EDHE. Howe,, 

due t o  the  nature of the  asynchronous t imes  of data availability and the 

l imited capacity of data  s torage,  the normal  mode of operation r equ i re s  

(--. . that  t he  Experiment  p rogram these da ta  words to  the data handling eqci _ 

Thus, four  S tore  Digital Word lines a r e  available to the Experiment ,  c - ~  

s to rage  of each  digital word. The WEP itself requires  that t hese  worcl. 

sampled a s  a group (although not a t  tlie s a m e  t ime)  and consequently t h r  

words a r e  classif ied a s  an Experiment Digital (ED) word f rame.  

. Since i t  is required to  know where  the Spacecraft i s  pint ing(an6 

where  the ins t ruments  a r e  pointing,) the  Experiment i s  capable of 

- .. programming a 64-word Spacecraft  da ta  f r a m e  which includes Spacecrs  

gimbal pbinting.angles. This data f r a m e  i s  designated Spacecraft  sta: 

data. It i s  programmed into s torage by the Experiment through the 

Spacecraf t  Data Handling Equipment (SDHE). 
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A f u r t h e r  word pa i r  may  be programmed by the Experiment  f r o m  
e - .  

t h e  EDHE. T h e s e  two words identify the data source,  the t i m e  of data  

en t ry ,  and t h e  mode of Spacecraft  programming operation. This  word 
I 
I 
identified a s  P C  o r  P r o g r a m  Code word pair .  . 

C. READOUT CONTROL 

The readout  control portion of the Control Electronics  s y s t e m  

I 
p e r f o r m s  the  programming of the  output data  words,  f r a m e s  and 

I 
1 
I i . * 

sequences  of f r a m e s  during the s to red  mode of Spacecraft  operation. The 

se l ec ted  m o d e  of operat ion of the W E P  detkrmines the  sequence of data  

f r a m e s .  Fig,  -VII-4 shows the ciata f r a m e  sequences available fo r  each  

mode. Both Mode A and Mode B cause  s ix  se t s  of Experiment  measurement  -. 

C .- d a t a  t o  be bracke ted  by Spacecraft  pointing angle data.  The P C  word pa i r  

is a l s o  included f o r  identification. The Mode C data  sequence i s  re la ted  

t o  t h e  number  df grat ing s teps  commanded fo r  the Spectrometer  grating. 

Examinat ion of the  W E P  readout control logic d iagram (Fig.  VII-5) 

. . 
will  i l l u s t r a t e  how the  data sequences a r e  generated. When the Mode A 

cont ro l  is used,  EOC l ine A init iates a 6-second delay which in  turn  causes  

the W E P  t o  s e n d  a Repeat Command to  the spacecraf t .  Digital s t a r t  

exposure  s ignals  a r e  a l so  sent  to each  ins t rument ' s  exposure t i m e  

gene ra to r  a t  t h e  end of this  6-second delay. As a resu l t  of the Repeat 

Command,  t h e  Spacecraf t  data handling enters  the SS data into the Spacecraf t  

da ta  s t o r a g e ,  and  upon completion of this  entry gives the W E P  a P r c g r a m  

Complete  signal.  The  WEP uses this  to genera te  a Repeat Sequence S ta r t  
a 
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command, which causes  the E D H E  to enter  PC data  into Spacecraft  s torage.  

At completion of P C  data  entry,  a Store Mode Ready signal is sent  to  the 

WEP enabling a fl ip flop controlling the entry of ED data. As each Photo- 

me te r  exposure t i m e  genera tor  completes i t s  exposure t ime,  the digital 

word containing that Photometer ' s  measurement  data  is s to red  i n  the 

Spacecraft data  s torage.  Upon completion of a l l  four exposures ,  the  ED 

control flip flop is r e s e t ,  and a Store  Analog signal is sent  to  the EDHE. 

. 
The EDHE en te r s  the Experiment  Analog (EA) data f r a m e  and re tu rns  an 

Analog Cycle Complete signal. E his completes one measurement  cycle. 

% 

The Repeat Experiment  signal re- ini t ia tes  the four Stel lar  Photo- . 
meter exposure t ime  genera tors .  After a shor t  delay the D'elayed Repeat 

r. Experiment signal re-enables  the ED flip flop. Each photometer Exposure 

Complete signal causes  i t s  associated digital word to  b e  s tored ,  yielding 

the second f r a m e  of ED data. The completion of all four photometer 

exposures causes  the  ED flip flop to  b e  r e s e t  and the second Store Analog 

signal to be  generated. This causes  the second se t  of EA data to b e  s tored ,  - 
- thus completing measurement  cycle number 2. While in  Mode A,  this  

complete ED,  EA operation repeats  until s i x  measurement  cycles  have been 

taken. Upon reaching measurement  cycle count number 6,  fur ther  Repeat 

Experiments a r e  inhibited, a Repeat Command is generated (entering SS 

data into s torage)  and the P r o g r a m  Complete signal i s  inhibited. This 

la t ter  action prohibits continuation of the data  readout sequence, and thus 

ends the Mode A ent ry  of data  into storage. 
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An a l te rna te  operating procedure i s  available a s  an option in  Mode 

A, r e fe r red  to  as f i l te r  cycling. It is s imi l a r  to the above except that all 

Stel lar  f i l ter  wheels a r e  stepped one position a t  the end of each readout, s o  

that the s ix  success ive  measurement  cycles a r e  taken on the following 

sequence of f i l t e r s  fo r  a l l  S te l la rs :  1, 2, 3,  4, 5 and 1. Iil this  manner  a 

complete spec t ra l  scan,  using a l l  Stel lar  f i l te rs ,  can be made  on a single 

t a rge t  within a relatively shor t  period of time. The command codes 

necessary  to init iate f i l te r  cycling a r e  shown in  Fig. VII- 1. 

When a Mode B command i s  t ransmi t ted  readout control operation 

is identical to  that  of Mode A with two notable exceptions. The f i r s t  is . 
. that a separa te  six second delay c i rcu i t  i s  used to  init iate the s t a r t  of a l l  

exposure t ime  genera tors ,  and the s t a r t  of the readout sequence. The 

second difference is that the Nebular Exposure Complete signal controls 

the  t ime of the  S tore  Digital Word number 1 - and number 2 signals. If the  

Digital Word numbers  3 and 4 have not a l ready been s tored  by a Stel lar  

Photometer 3 o r  4 exposure complete, the Nebular exposure complete 

signal causes these  words to  be entered a s  well a s  words 1 and 2. The 

P. logic was se t  up this  way s ince (a) al l  Nebular photometer information i s  

contained only in  digital  words I and 2, and (b) since the Nebular i s  the 

p r ime  instrument  of in t e re s t  in  Mode B, i t  should control the maximum 

timing of each  complete measurement  cycle. The mechanization of this 

readout control logic i s  obtained through setting a flip flop in the Nebular 

Mode Register  whenever a Nebular command i s  issued. This flip flop i s  



se t  by bit 30 on EOC line B and rese t  by t h e  leading edge of the Command 

. Enable signal, 

When operating the Scanning Spectrometer  using Mode C the s a m e  

Readout Control logic of Fig. VII-5 is used. In this case ,  the readout 

sequence and s t a r t  of a l l  exposures is initiated by a Spectrometer  s t a r t  

signal. This signal i s  t ime  coincident with the t ransmiss ion  of a Mode C 

command since no 6-second delay for  f i l ter  operations i s  required a s  i s  

t h e  c a s e  i n  the S te l la r  and Nebular Photometers .  Bit number 31 off EOC 

l ine C command codes provides this Spect rometer  s t a r t  signal. Bit 

8 

number  32 on the s a m e  EOC line C causes  a fl ip flop to b e  set  in  the 

Spect rometer  mode regis te r .  This fl ip flop allows the Spect rometer  * 

(1 
exposure complete to control the entry of digital words 3 and 4 into s to rage  

1 - .-. 
and a l s o  a l loys  the  Spectrometer  exposure to control the maximum t ime  of 

each measurement  cycle.. Fur ther ,  when this  Spectrometer  mode fl ip 

' 

f lop i s  enabled, measurement  cycle count number 6 is prohibited f r o m  

accomplishing i t s  normal  function. This resu l t s  in measurement  cycles  
- i 

continuing until both the Spectrometer  mode fl ip flop has  been r e s e t  and the 
1 

- 
1 

measuremen t  cycle counter has  reached a count of s ix  again. The r e s e t  of . 
the  Spect rometer  mode fl ip flop i s  accomplished when the Spectrometer  

r eaches  i t s  commanded number of s teps  o r  when the Spectrometer  grating 

r eaches  ei ther  end of t ravel .  The resu l t  of the rese t  of the Spect rometer  

mode fl ip flop is to set  the readout control back into Mode A for  the 

remaining measurement  cycles.  Since the measurement  cycle counter i s  



a three-stage binary counter with a total count capability of Z 3  or  8, i t  is  

possible for a maximum of seven Mode A measurement cycles to occur 

following the end of Mode C controllpd measurement cycles.  Since during 

Mode C the measurement cycle counter counts each Spectrometer 

measuremeot cycle and fo r  each Spectrometer  measurement cycle there  i s  

one Spectrometer grating step, tine exact number of total measurement  

cycles to expect can be determined from a knowledge of the number of 

grating steps taken (i. e . ,  e i ther  the number of grating steps commanded 

o r  the number to i ts  end of t ravel . )  

One programming restr ict ion on the spectrometers  does exist in 

. . 
order  to avoid garbling the Mode A data and the SS data foilowing the 

M0de.C controlled data. This  restr ict ion i s  to avoid commanding the 
{-\ .- 

Spectrometer to s tep a number of s teps which will leave the measurement 

cycle counter a t  a count of 6 o r  7 when mode switching occurs.  The 

Spectrometer does not control the readout for i ts  l a s t  s tep and therefore 

the number of Mode C measurement cycles i s  one l e s s  than the number 

of Spectrometer steps. Typical quantities of steps to be avoided a r e  thus 

7 and 8, 15 and 16, 23 and 24, 31 and 32, 39 and 40, etc. This number of steps 

i s  thus 8 x n and 8 x n- 1, where n i s  any integer from 1 to 12 ,  inclusive. 

Afu r the r  word of explanation i s  perhaps in o rder  regarding the number 

of steps the Spectrometer will take for particular input step commands. It 

may  be observed from the Goding chart  for Mode C,  Fig. V11-1 that to s tep the 

grating to any position, a binary number must  be inserted equal to 128 minus the 

i desixed number of steps. Thus,  i f  3 steps a r e  required, a binary number of 125 



would be inserted. This  will yield spec t rometer -  o r  Mode C-controlled 

readouts on the f i r s t  and second grating positions away f rom its original 

position. The Spect rometer  will go to the third position but Mode A will 

control the readout for this  position. If a l l  ones were  to be en tered  in the 
P .  

grating s tep bii ( a  binary number equivalent to 127), this  would 
n 

cause  one s tep to  be taken with no Mode C-controlled readouts.  The  ent ry  

of al l  zeroes would inhibit any grating s teps ,  and readouts would a l so  be 

under  Mode A control. 

It m a y  be determined f r o m  the readout control logic diagram of 

Fig. "VII-5 that the readout control opera tes  in  Mode D just  a s  in Mode A - 
provided that bit number 3 i s  included in a Mode D command. If bit 

e' number 3 is not included, the appropriate  commanded ape r tu re  and 
(r ' 

collimation changes will occur ,  but no readout will be obtained. 

A portion of the Experiment  Analog (EA)  Mode i s  shown on the 

readout control logic d iagram,  F ig ,  VII-5. T h e  logic for  th is  mode 

consis ts  of an  AND gate f o r  bit t ime 30 and the EA Mode code l ine,  the 

output of which se t s  an  EA Mode fl ip flop. The s e t  output of the EA Mode 

f l ip  flop is AND gated with a 1 pps t iming signal which, in tu rn ,  causes  a 

S tore  Analog signal to be repetit ively t ransmi t ted  to the Spacecraf t  EDHE 

at the 1 second rate .  The E A  Mode flip flop i s  r e s e t  only by a new 

Command Enable signal. The logic for  the E A  Mode was se t  up such that 

it bypasses a lmost  a l l  of the readout control logic. It thus provides a 
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backup means of obtaining significant data shoulci major  portions of the 

readout control fail. 

A summary  of the controlling instrument exposure t ime  for  read-  

out of each digital word for  different modes of operation is presented in 

Fig. VII-6. The readout control logic shows that whenever - any one 

exposure t ime  generator  gets a s t a r t  exposure command, s o  do all exposure 

. . t i m e  g e n e r ' a t ~ r s ~  Consequently, c o r r e c t  digital data m a y  often be obtained 

for  ins t ruments  normally associated with another mode. In general ,  

digital  data  fo r  the non-primary instrument  will be  co r rec t  if i t s  exposure 

t i m e  i s  equal to  o r  l e s s  than the exposure t ime for  the p r i m a r y  ins t rument  
C 

controll ing readout of i t s  digital word. The Scanning Spect rometer  digital 

expos'ure will run i t s  most  recently programmed digital exposure co r rec t ly  

r ega rd le s s  of repetit ive S tar t  Exposures  caused by p r imary  mode 

measuremen t  cycles. Consequently, the digital measurement  appearing 

fo r  the  Scanning Spectrometer  when operating in a mode other  than Mode C 

may rep resen t  data caught "on the fly" r a the r  than co r rec t  measuremen t  

data  f o r  the exposure t ime  indicated in  the digital status. Thus, 

success ive  measurement  cycles with timing intervals  l e s s  than the 

exposure t ime  of the Scanning Spectrometer  should i l lustrate  a buildup 

of Spect rometer  data towards the l imit  of i t s  prese t  exposure t ime. A 

s i m i l a r  situation does not exist fo r  the Stel lar  and Nebular photometers  - 
when in the i r  non-primary modes. F o r  these instruments ,  receipt of 

additional S tar t  Exposures  during a previous exposure m a y  stop the original 

0 
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exposure,  but not  r es ta r t  the exposure until the next s tar t  exposure, 

. ,. 
Careful analys is  of sequential se ts  of measurement cycle digital data 

can general ly reveal  what the non-primary instrument digital measure -  

i 
ment  data t r u l y  represents .  However, when the non-primary instrument 

exposure  exceeds that of the pr imary instrument,  ext reme ca r e  

I m u s t  be used in the data analysis. I 
The t h e  between s ta r t  of non-filter cycling exposures (and thus the 

s t a r t  of success ive  measurement cycles) i s  dependent on the mode of 

operation and +&us upon the exposure time commanded for the pr imary 

instrument .of t h e  selected mode. This  t ime between s ta r t  of non-filter 

I 
cycling exposares  i s  a s  follows: 

a. T i m e  between s ta r t  of successive 118 second exposures 

i s  1 second (where all exposures of the mode of operation 

are set  for  1 18 second). 

b. T i m e  between s ta r t  of successive 1 second exposures i s  

2 seconds. 

C. T i m e  between s ta r t  of successive 8 second exposures i s  

9 seconds. 

d. Time  between s tar t  of successive 64. second exposures i s  

6 5  seconds. 

b 

The a ~ d o g  data for  each instrument i s  always correc t  and in 

agreement wikh the gain status indicated, regardless of the rriode of operation. 

The t ime  between successive samples of analog data in any mode other than 



. . 
the EA mode, i s  the same a s  the time between s tar t  of successive 

exposures . 
D. TYPICAL SINGLE OBSERVATION PROCEDURES 

In o rde r  to summarize the observational procedure utilized in 

controlling the WEP, a discussion of the p rogrammhg for a typical Stel lar  

Photometer observation i s  presented. To  simplify this discussion, several  

assumptions a r e  made: 

The Spacecraft  i s  in orbit  appropriately oriented on the 

selected s t a r  to be observed and using selected guide s t a r s  

C a s  a reference in inertial  space. - 
2. The Spacecraft  i s  within line o f  sight of a ground control 

station, and the Spacecraft telemetry receiver  has  been 

commanded on. 

It i s  desired to enter  commands into Spacecraft storage for  

subsequent WEP usage (i. e.  , the Stored Mode of Op6ration). 

4. . Appropriate operational constraints discussed in a 

subsequent section have previously been observed. 

Commands a r e  issued to the Spacecraft in 32 bit word pairs .  The 

f i r s t  of these i s  utilized by the spacecraft .  The second command word i s  

entered into Spacecraft  storage (in the Stored Mode) and a t  the proper time 

will  be presented to the Experiment on an Experiment Operation Code (EOC) 

line.  
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The s t ructure  of the f i r s t  command wsrd is  shown ia Fig,  VII-I! 

a s  part of the OAO Command Forr ra t .  Since a stored command word 

is desired, the real  t ime mode control bit number 3 i s  selected a s  a 

binary ZERO. Bit number 4, 5, and 6 a r e  selected binary ONE, ONE, 

ZERO, respectively, to indicate the second word i s  an Experiment 

. . .  operation code. .Bits  nine through eighteen a r e  selected for the t ime 

after clock rese t  at  which it i s  desired to issue the second command 

word from storage to the Experiment. Zero  t ime has presumably been 

rese t  during the line -of- sight communication with the ground control 
C 

. . station. Stored commands can be sent a t  any one-miiute increment 

from time zero.  Consequently, with 10 binary bits available, 21° 

(I ' o r  1024 minutes a r e  available. Bits 19 through 26 contain the address  

of the place i n  command storage that the command words a r e  to be 

sent. These eight bits represent  any storage address  of the command 

7 storage capacity of 2 o r  128 command word pairs .  Bits 27 through 

31 provide fo r  the selection of the Experiment Operation Code l ine 

over which the second command word i s  to be s e ~ t  from storage to 

5 the Experiment. These five binary bits select  one of th'e 2 o r  32 

code lines available. Only 13 of these 32 a r e  available for  the WEP. 

It should be noted that GAEC Spacecraft EOC line numbers a r e  not 

the same a s  the W E P  EOC line numbers.  The conversion between EOC 
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l ine  numbering systems i s  given a t  the left edge of Fig. VPI- 1. Care  

m u s t  be taken in programming to assure  proper GAEC equivalent l ine 

numbers a r e  used for the EOC l ines designated within this description. 

Since i t  i s  hypothesized a s  desirable to make a complete spectral  

observation on a single s t a r ,  Mode A i s  selected. Command inputs to 

Mode A Stel lar  Photometer control circui ts  must  be made over W E P  EOC 

l ines  1, 2, o r  3, a s  shown in Fig. VII-1. Let  it be fur ther  assumed that - 
no anticipated stel lar  spectral  intensity variation i s  anticipated over an 

observation t ime period of approximately 20 minutes, that redundant 

s torage of each measurement cycle is  desirable,  and that it i s  desirable 

to match digital exposure t ime (which i s  also analog gain) to some roughly 

anticipated intensity level for each spectral band (filte; position) to be 

observed. Mode A operation without automatic f i l ter  cycling i s  best 

adapted to each of these conditions. The OAO-WEP Command Codes of 

Fig.  VII-1 further  i l lustrate that each of four Stellar Photometers may  be 

commanded to any one of their five f i l ter  wheel positions. Reference i s  

made to Fig. 11-5 for  the nominal wavelength passband available a t  each 

f i l te r  wheel position. The sequence of wavelength selection i s  left to the 

option of the Experimenter.  However, it i s  considered good practice to 

sequence all f i l ters  in the same numerical order ,  e. g. ,  1, 2 ,  3, 4, 5, 

and 1 .  This practice i s  established largely by a desire  not iQ have more  
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than one dark slide o r  more  than one calibration source obscuring the 

optical path at  any one time. Thus, a failure of the control system would 

still allow significant measurement data to be obtained. No dark or  

calibration slides a r e  present in any Photometer's fil ter position number 

one, since (a) it  i s  a more  probable position for certain types of equipment 

' .  
failures, (b) it  is a position for which data is more  often taken, and (c) it 

makes a significant data position in which to leave the Stellar Photometers 

when another instrument (or mode) i s  being utilized. 

Having selected the sequence of filters,  one must  also select the * 
. 

exposure times for  each position. Recalling that 1 /8 second is the shortest 

digital exposure time, and thus the lowest analog gain, an estimate of the 

C. relative intensity of the observed stellar object must  be made for the spectral 

band of observation. The Experimenter would presumably make use of 

enclosed calibration data, relative magnitude data of the s ta r ,  and any past 

UV observational data available on this object o r  anticipated similar objects, 

~ a r r i n ~  any of the la t ter ,  a certain amount of t r ia l  and e r r o r  would appezr 

required. 

A shorthand code has been set up for designating exposure times 

and f i l ter  positions. "E" designates exposure time and 1, 2,  3, and 4 

designate respectively, 1/8, 1, 8, and 64 seconds. "F" designates filter 

position and 1, 2,  3 ,  4, and 5 designate the five filter positions. Thus, a 

typical second word OAO - W E P  command for the conditions previously 

described would be written: 
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I 

t -Mode A, non-cyclic 
> t 
. - 

I 

'Ph;  1 E2 F 1  
[Ph. 2 E3 F1 
Ph. 3 E2 F 1  
Ph. 4 E3 F 1  

This  s,bcond command word would be coded by means of examination of 

Fig. {II-1 W E P  code chart.  The part icular  code for  the selected command 

I I 
is shown i n  Fig. VII-8 along with the se t  of anticipated data which would 

i .  
1 

r e s u i t  f r o m  this command. 

An es t ima te  of the t ime required for  the execution of this command 

m u s t  -be made. A t ime  sequence chart for  this command is shown in 

Fig, VII-9, Since a l l d a t a f r o m t h i s  commandwi l lbe  s t o r e d i n l e s s  than 

- two minutes,  it is safe  to i s sue  a second word pai r  a t  the second minute 
b 

(< incrementfo l lowing t h e f i r s t  commandwordpa i r .  T h e f i r s t  command 

word (of the  second pai r )  would be  coded for  the next available Spacecraft  

command s to rage  position. It would include a t ime tag fo r  execution of 

the  second WEP Command Word a t  the second minute increment  af ter  the 

i s suance  of t h e  f i r s t  W E P  Command. A typical second WEP observation 

command would b e  

Mode A ,  non-cyclic 

Ph. 1 E3 F2 
Ph. 2 E2 F 2  
Ph. 3  E2 F2 
Ph. 4 E3 F2 

This command would be coded a s  shown in Fig. VII- 10. The anticipated 

output is a l s o  shown in this figure. Again, an estimate of the t ime required 
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fo r  the execution of this command i s  necessary .  Since the  maximum 

exposure t ime  i s  again E3 o r  8 seconds,  the total  t i ~ n e  will b e  the  s a m e  

as i n  the f i r s t  sequence. Consequently, the next word pa i r  should not 

b e  issued until a f t e r  a 2-minute wait. Typical command word p a i r s  

necessa ry  to  complete the hypothesized complete s t e l l a r  spec t ra l  

observation. a r e  as follows: 

Word P a i r  3 

F i r s t  Word: s tored,  EOC line 1, Execute 2 minutes  a f t e r  

Pair 2,  next available s torage  address .  

% Second Word: Mode A non-cyclic 

Ph. 1 E l  F 3  
Ph. 2 E3 F3 

C '  
Ph. 3 E3 F 3  
Ph. 4 E 3  F 3  

Word P a i r  4 

F i r s t  Word: Stored,  EOC l ine 1, Execute 2 minutes a f te r  

Pair 3, next available s torage  address .  

Second Word: Mode A non-cyclic 

Ph. 1 E 3  F 4  
Ph. 2 E 3  F 4  
Ph. 3 E 3  F 4  
Ph. 4 E 3  F 4  

Word P a i r  5 

F i r s t  Word: Stored,  EOC l ine 1,  Execute 2 minutes a f te r  

Pair 4, next available s torage  address .  

Second Word: Mode A non-cyclic 



Ph:1 E 3  F5  
Ph. 2 E2 F5  
Ph. 3 E l -  F S  
Ph. 4 E3 F 5  

Word Pair 6 

First Word: Stored,  EOC l ine 1, Execute 2 minutes ;f_ 

Pair 5, next available s torage  address .  

Second Word: 

Ph. 1  E2 F 1  
Ph. 2 E l  F1 
Ph. 3 E2 F 1  
Ph. 4 E l  F 1  

This+ wdiilld cornplete the S te l la r  Photometer  Spectral  observation. - 
Approximately 15 minutes would have elapsed following the issuance 

(- *' 
f i r s t  command word. Each  command would have entered 184 25-bit 

i 
words into data  s to rage  (64 SS, 2 PC,  6 s e t s  of 4-digital and 5 anaic: 

making 54 experiment  words,  and another 64  SS words i n  that  o r d e r ) ,  

total  number of data  words s to red  f o r  these s ix input command wore 

would thus be 1104. 

Since s o m e  t ime  in  orb i t  is remaining and some data  s torage  

is left in the 4096 redundant data  word s torage ,  the Experimenter  rr- 

d e s i r e  to  make a backup Scanning Spectrometer  reading on the Sam? 

object. The Scanning Spect rometer  i s  controlled in  Mode C. Th. 

coding capabilities f o r  Mode C a r e  shown in Fig. VII-  1. WEP cod 

9, 10, - o r  l l ' m a y  be a rb i t r a r i ly  selected. The following assumpt: 

b e  made for  the  programming of this  observation: 
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1. The f a r  UV i s  of pr imary interest  and therefore 

Spectrometer  No. 2 should be selected. 

2. It has  been ascertained f rom previous status data that 

the desired slit  width i s  in place. 

3. Appropriate analysis had shown that a complete sweep 

of 100 steps of the Spectrometer  at a 64-second exposure 

would take over 100 minutes,  which, during a portion of 

the orbit ,  would align the instruments looking back at the 

sunlit ear th ,  This  would be contrary to the subsequently 

+ discussed design constraints.  Thus, an 8-second exposure 
v 

is selected which can complete the 100 steps in 15 minutes. 

The 8-second gain i s  not the highest but will be presumed 

C *  
satisfactory a s  a f i r s t  pass and in view of the backup nature 

of this  Spectrometer  observation. 
I 

4. Previous observational data o r  programmed commands 

have been utilized to determine that Spectrometer No. 2 

0 0 
i s  at i t s  lOOOA limit.  To  proceed towards 2000A, a Reverse 

Command must  be given. 

0 
5.  Since i t  i s  desired to s tep the grating to the ZOOOA limit ,  

through all available 100 steps,  a grating step command of 

100 o r  greater  must  be entered via Mode C .  Under these 

conditions, the Spect;:bmeter wi l l  automatically stop upon 

reaching its end of t ravel .  



T h e  pa r t i cu la r  second command word to  accomplish these  hypothesized 

object ives  is shown i n  Fig. VII-11. The total  t ime  fo r  the i O O  s teps  would 

b e  15 minutes  at a 9 seconds p e r  s t ep  ra te  (8-seconds exposure plus one 

/ 
interv6ning second).  The number of data words s tored  v~ould b e  1048. 

I (64 SS 2 PC,  and  I. D., 100 x 9 analog and digital words via Mode C,  18 

I analog a n d  digi ta l  words via Mode A, and 6 4  SS, all in  that order.)  

I ' Thus ,  a total  of 30 minutes orbit  t ime  and 2152 data  s to rage  words 

would have been used  by the seven expe'rimnt commands. Provided that 

none of t h e  des ign  constraints  a r e  broken, the Experimenter  might repeat  

t he  s a m e  Mode C operation using Spectrometer  No. 1 to  fi l l  out the backup 

of the comple te  UV coverage. This would take 15 m o r e  minutes and another 

1048 words ,  using up a total  orbi t  t ime  of 45 minutes and data  s to rage  

capaci ty of 3200 da ta  words. This  would complete a typical single observation 

using the  W E P .  

Subsequent command word pa i r s  would likely be'used t o  s lew the 

Spacecraf t  t o  a new s t a r .  The f i r s t  command word would be identical to  .. 
t he  f i r s t - w o r d  used  f o r  W E P  commands except that different operation code 

bits would d i r e c t  the  second word to  the appropriate  Spacecraft  subsystem. 

T h e  cont ro l  b i t s  assoc ia ted  with selection of the E ~ C  line number would 

a l s o  a s s u m e  a different meaning dependent upon the operation code selected. 

The  second command word bit control function i s  a l so  completely dependent 

. upon the  opera t ion  code o r  Spacecraft  subsystem selected. The detailed 

progranlming of thes  e Spacecraft  subsystems i s  beyond the scope of this  



Experiment  Description. Reference should be  made to the OAO Spacecr  . 

Handbook, o r  to  a Spacecraft  Programming Interface Document which 1s  i: 

preparat ion but i s  not available a t  the t ime  of this writing. The cur rent ly  

anticipated OAO second command word fo rma t  fo r  Spacecraft  subsys tems , 

included in  Fig. VII-7 fo r  general  information. 

- .E CONSTRAINTS ON THE USE O F  THE WEP 
. . . . . . . .  . , 

A. number of constraints a r e  placed on the operational use  of the  

WEP integrated with the 'spacecraf t .  A brief listing and discussion of 

t h e s e  a r e  presented in o r d e r  that the Exper imenter  may  avoid potential 

1. WEP Power Application 

C' The  application of 2 8  vdc power to  the WEP i s  controlled t::; 

command to one of the Spacecraft  subsystems.  This power should not be 

applied during launch because the WEP subsequently pas s e s  through an 

intermediate  vacuum, and t h e r e  exis ts  the possibility of corona d i scha rgs  

off the,  high voltage power l ines.  This would not necessar i ly  be damagini,: 

but should be avoided fo r  safety. 

2. , Readout Enable 

When power i s  f i r s t  applied to  the WEP, it i s  possible so?. 

unwanted data readouts will occur and a l so  possible some  wanted data  r -  

outs  will not appear .  Shortly a f te r  WEP power application, i t  i s  good 

prac t ice  to  i s s u e  a Mode B, E l ,  Fl  command including a Readout Enable 

( "1" inb i t  24).  This w i l l s e t u p t h e  W E P s o t h a t  it is c a p a b l e o f p r o g r a m  
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data into s tcrage.  TJp to 184 data words and 1 minute of time may be wasted 

as a result  of this  command, but i t  may prove worthwhile to precede each 

major  W E P  observational sequence 'with this setup command. It is noted 

that a readozt inhibit bit is  available in Mode B for use when other 

experiments a r e  takirg data, when real  time synchronous data i s  being 

L taken from the W E P  under EDHE control, and in potential failure conditions 

where it may  be desired to assure  that the W E P  is  not causiog data entry 

into storage. Entry of data into storage from more  than one source a t  the 

sam-e time will cause garbled data to be stored. 

3. Phototube Protection 

It has  been anticipated that damage to the phototubes may  be caused 

by excessive illumination. A sunshade i s  provided on the Spacecraft which 

is designed to automatically s tar t  to close whenever the sun comes within 

45O of the optical axis. The rate of closure of the sun shade and the slew ra te  

of the Spacecraft  a r e  such that the shade should be closed when the sun i s  within 

0 30 of the optical axis. The shade will, of course,  shield the W E P  from both 

the sun and aoy desired phenomena to be observed when the shade i s  in the 
' 

closed position. This precludes the Experimenter from observing a large  

number of objects located near  the sun. The exact level of phototube light 

sensitivity to damage has not been determined. Consequently, it may be found 

that the W E P  shodd  not be pointed at the sunlit earth or  the moon. Presumably,  

these questions will be shortly resolved, but a check by any new Experimenters 

VII- 2 1 



on t h e s e  potential  t ime  oriented pointing l imitations should be made. As 
(C 

7 a 

a f u r t h e r  pointing l imitation, i t  i s  noted that the capability of jettksoning 

the s u n  shade  is p resen t  in c a s e  of fa i lure  of the  sunshade to  open. In c a s e  

I 
the sunshade  h a s  been  jettisoned, g rea t  c a r e  mus t  be taken to  not s lew the 

I 
i 

t he  optical l ine to  the  sun. 

4. F i l t e r  Cycling 

The f i l te r  wheel dr ive  mechanism has  been designed to  have i 

a usefu l  l i fe  qui te  sufficient to pe rmi t  a y e a r ' s  operation with a s  many f i l te r  

wheel cycling mode measurements  a s  might reasonably be  expected, and 

l i fe  t e s t s  have verif ied that  this  de'sign i s  conservative. However, it would 

b e  a w i s e  precaut ion to  not leave the  S te l la rs  in  the f i l te r  cycling mode 

C ' indefinitely and  without purpose while some other s e t  of measuremen t s  a r e  

being m a d e  (e. g . ,  a long s e r i e s  of Spect rometer  measurements ) .  Therefore ,  

it is recommended  that the S te l la rs  be  left in  the  non-cycling mode when 

changing f r o m  a Mode A measuremen t  to  Modes B o r  C. 
I 

5. EDHE Setup f o r  WEP 

When the  WEP is to  be  used in i t s  normal  s tored  mode of 

opera t ion  (i. e . ,  da t a  i s  t ransmi t ted  to Spacecraft  s torage  via EDHE), a 

. . .* .. 
p a r t i c u l a r  da ta  handling command word must  precede any W F P  comrnand 

. 
t o  p rope r ly  s e t  up the  EDHE Spacecraft  subsystem. The  Data Handling . 
Command Word pa i r  must  s e t  the EDHE f o r  S tore  Mode ,(as vs Real Time 

modes)  and Asynchronous Mode In S tore  Mode (a s  vs Lockout Mode o r  other 

Rea l  T i m e  Mode selections).  Reference to Fig. 4-5 of the  15 Apri l  1963 



revis ion  to  the  OAO Spacecraft  Handbook reveals that the second word of 
I i a 1 

t he  ~ a t a  Handling word pa i r  must  thus have binary ONES in bit positions 

-1, 2, 4, 8, and  15. This s a m e  handbook descr ibes  on pages 4-26 to  4-27 

1 
programxking res t r ic t ions  regarding use of the EDHE with other Spacecraft  

terns. This  information i s  pertinent particularly where i t  i s  

d e s i r k d  t o  u s e  t h e  W E P  in  r ea l  t ime  when in  line-of-sight with the ground 
I 
I 

station. P resumably ,  the  total r e a l  t ime available wil'l only average  10 
/ 

minutes  e a c h  orbit .  Consequently, what with other requirements  fo r  this  

t i m e  period,  l i t t l e  t i m e  would be left for a W E P  r e a l  t ime operation. These 

o t h e r  r equ i rement s  include establishing contact, setting up rea l  t ime  modes,  

turning o n  appropr ia te  Spacecraft  t ransmi t te rs ,  emptying Spacecraft  data  

C s to rage ,  en ter ing  new commands in Spacecraft command storage,  reset t ing 

time ze ro ,  perhaps  taking data f r o m  Experiments only capable of r e a l  t ime  

operat ion,  etc, 

6, SDHE Setup 

C a r e  must  be taken that the  SDHE Spacecraft subsystem has 

_ - been previous ly  s e t  up (via a data handling command word pa i r )  in the proper  

condition f o r  u s e  with the W E P .  This requi res  selection of Stored Mode 

(as vs  Rea l  T ime)  and one output data f r a m e  (as vs continuous, repetit ive 

r a t e ,  o r  four  da ta  f r ames) .  Reference to Fig. 4-7 of the 1 5  April 1963 

rev i s ion  of t h e  Spacecraf t  Handbook will show that the second word of the 

da ta  handling command word pair should have a binary O N E  in bit positions 
4 

1, 2, 3, and 8. Bit positions 15, 16, 17, and 18 must be binary ZERO. 
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Fig. 4-6 of the Handbook indicates that words 1 through 26 will include 

identification, t ime,  and gimbal pointing angle data which a r e  the main 

__.-.-.items of Experimenter interest .  Pages 4-43 and 4-44 of the same issue  

of the Handbook present SDHE programming restrictions. 

'7. Garbled Data 

Garbled data a r e  herein defined a s  any data se t s  which do 
. , 

not follow the prescribed for-mat. Garbled data from the WEP may  occur 

under the following conditions: 

a. When the Experiment power i s  applied. 

b. When the k10 v power supply i s  switched. . 
C. When the University of Wisconsin clock i s  rese t .  

d. Wheo the readout inhibit bit i s  removed via readout enable bit. 

'. 
. e. When a Scanning Spectrometer i s  commanded to a position o r  

l imi t  which will leave the WEP measurement cycle counter a t  

a count of 6 o r  7 when mode switching occurs.  In this case,  

only the data following the mode switching will be garbled. 
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1 I MODE B I 

I MODE C I 
GRATING S T E P  

E.O.C. L INES 
9 ,10 ,  1 I 

(GAEC 9 ,24 ,28 )  
1 =CHANGE = SPEC # I 0 i 8 SEC. 0 =FORWARD INSERT BINARY NO. EQUAL 

CODES wST P O S I T I O N  TO 128 MINUS DESIRED NO. 
= 64  SEC, I = REVERSE O F  STEPS FROM LASTPOS. I l a E i I o = D O N T I b = s P ~ c # 2 1 1  I ( 

DIRECTION TO ENERGIZE L I M I T  S I Y l i C H  

13 
(GAEC 27 )  

N O T E :  FOR CONSISTENCY OF CODING, B I T S  NOT S P E C I F I E D  SHOULD BE 0 .  

E X P ~ R I M E N T  ANALOG MCDE: E.O.C. L INE 12 ( G A E C  29) BIT  N O .  30: 1 STARTS €A M O D E  O P E R A T I O N .  





STELLAR PHOTOMETER 
MEASUREMENT DATA NO. I 

GATE NO. 2 

SCANNING SPECTROMETER 
MEASUREMENT DATA 

C0LLIMATLOE.I STATUS I S  0 WHEN AT A LIMIT SWITCH, OTHERWISE AT I 
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TIME FILTER POSITION SCANNING SPECtROMETERi BAND 
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DATE:  21 M A Y  1962 - d 

1 PAGE: I0 

I R A T I O N  CODE . I 
[ C O M M A N D  T Y P E  I 

--_--___ 
DATA HANDL ING 

NOT USED 

NOTES:  

1. "I" B I N A R Y  O N E  

2. "0" B I N A R Y  ZERO 

3. H O B - H I G H  ORDER B IT  OF A  F I E L D  

4. ( L E T T E R )  ( N U M B E R )  DEFINES ONE OF 156 
CONTROL MATRIX  OUTPUTS. 

5. ~ / / / ~ I N F O R : . + A T I O N  C O N T A I N E D  IN THIS 
B I T  IS  NOT  SPECIFIED FOR P P D S / P S S C  
EQUIPMENT OPERATION, 



PAGE 1 
U, w, cota.YIND LINE I -- - TIME < 2 M l N  ---- 

u, bd, LINE 

GAEC LINE No 
OCTAL GAEC LINE No 

ALL BLANK COLUMNS = DON" CAPS _-------------- - DIGITAL DATA 
PREPARED BY C8. - DATE 
COMMA 

PH4 E 3  F1 





- 
C O M M A N D  EXECUTION T I M E  

APPROX. 9 SEC. MEAS. CYCLE # I  

8 SEC. 

[ M E  COMMAND D I G I T A L  EXPOSURE D I G I T A L  

:LAY ( B l T 2 6 )  EXPOSURES COMPLETE COMPLETE .. READOUT 

1 AND IT 32) 

I *I  READOUT # 3  READOUT j[ B I T 2 2  
STORE [ B I T  5 ANALOG 

I E A  GROUP 
I '  (BIT 28) 

. i I 

t 
REPEAT RECEIVE REPEAT 

COhlMAND PROGRAM SEQUENCE 
( B I T  2 6 )  COMPLETE START 

( B I T  2 7 )  . 

I 

I 
156 M SEC. 4 0  r, SEC. fvtAXd MAX. 1- -- =SI 

I 
REPEAT RECEIVE E N A B L E  

SEQUENCE STORE D IGITAL  
S T A R T  MODE WORD 

( B I l - 2 7 )  READY READOUTS 

S T O R E  
ANALOG 

E A  GR3UP 
( B I T  28) 

- 9  T Y P I C A L  O A O - W E P  STORED C 





GAEC LIm Iqa 
OCTAL GAEC E1W HO 

ALL BLANK COZTZ+I14S = DON'T CARE 
- DIGITAL DATA ---.'.------..---- 

PREPARE33 B 
F2 



SAMPLE, SINGLE OBSERVATION - PAGE 3 
U, W, C O ~ U N D  LINE 9 TIME < l 5 M I N  

%3%T No 
WORE) No 

-25 SETS OF 
THESE WORD 

- 25 SETS O F  

THESE WORDS 

- 25 SETS 0 

THESE ViORO 

THESE V,ORD 

U, W, LINE 

CAEC LIWE No 
OCTAL GAEC LIN3 No 

A L L  BEAK< COLWNS = DON' T CARE --B-e---------- - DIGITAL DATA 
IPmPAW BY DATE 

COimLAPm MODE C,  S.S # 2 ,  E I, REVERSE, 10 END OF T R A V E L  

FIG. - 1 1  


